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The bacteriologic studies of the epidemic of influenza of 1889- 
1890,** of lesser outbreaks prior to the pandemic of 1918,1° and the 
preliminary studies of the pandemic by others have shown that while 
influenza bacilli occur commonly the organisms of the pneumococcus- 
streptococcus group are constantly associated with this disease. In the 
course of my studies on this group of organisms and the diseases due to 
them I have been impressed repeatedly by the marked changes they 
undergo at times, particularly in infecting powers and immunologic 
reactions. In some instances these changes appeared to be true muta- 


tions.”> It was thought possible that the peculiar picture presented in — 


influenza, such as the marked prostration, cyanosis, leukopenia, and its 
almost simultaneous appearance over wide areas might be due to 
variants or mutation forms of organisms commonly present in the 
respiratory tract of man. Accordingly, as the epidemic reached 
Rochester a comprehensive plan of study, taking into consideration 
this possibility, was determined on. The results obtained form the 
basis of the series of experiments that I report. Preliminary state- 
ments, including a description of the somewhat peculiar green- 
producing streptococcus isolated quite constantly,?* of immunologic 
studies,2* and of the extraordinary invasive power of the streptococci 
from influenza on intratracheal application,?* have been published. 

In this paper are recorded the more important bacteriologic findings 
obtained throughout the four epidemic waves of influenza which 
occurred in Rochester during the autumn and winter of 1918-1919, and 
these findings correlated with certain clinical features of the disease. 

The epidemic of 1918 began in Rochester during the latter part of 
_ September. An emergency hospital was opened and when this became 
inadequate certain parts of other hospitals were set aside for the care 
of influenza patients. The source of the material studied was, in the 
main, from patients admitted to these hospitals, most of whom had 
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come to. the Mayo Clinic for the treatment of some other condition or 
to accompany patients. A large number of cultures, however, were 
made from persons residing permanently in Rochester who had con- 
tracted influenza. A large proportion of the first group came long dis- 
tances from widely separated communities, and many developed symp- 
toms before or soon after their arrival. Some no doubt were infected 
en route or before leaving home; hence, the cases studied represent 
a heterogeneous group and the findings accordingly may be regarded 
as quite representative of the epidemic. 


TECHNIC 


Cultures were made from throat swabs prepared in the usual man- 
ner, from sputum, anterior nares, lung exudate, trachea and bronchi, 
peritracheal lymph gland, pleural fluid, the blood after death, and in 
some instances, from the blood during life. The sputum was collected 
in sterile, wide-mouthed glass vials and taken to the laboratory while 
fresh. Cultures were made on the surface of blood-agar plates directly 
or after washing in sodium chlorid solution, and into tall columns of 
dextrose broth, dextrose-brain broth or dextrose-blood broth. Owing 
to the mucoid and serous character of the sputum in influenza washing 
the sputum was quite unsatisfactory since it led to too great a dilution 
and hence the plates were made routinely by spreading a rather large 
amount of the unwashed sputum (about 0.1 cc) directly over the 
plates by means of triangular-shaped spreaders made from flat nicrome 
wire. The material was spread over the whole surface of the plate, 
part of the plate was heavily, and part lightly inoculated. The plates 
were incubated twenty-four hours at from 33 to 35 C. and then read. 
If influenza bacilli were not present the plates were incubated for an 
additional twenty-four or forty-eight hours. The air in the incubator 
was kept saturated with moisture by means of an open dish of water 
and by reducing the amount of ventilation to the minimum. The 
results of the cultures on the plates were recorded according to the 
numerical scale of 1 to 4; 1 indicating from 1 to 10 colonies; 2 from 
11 to 100 colonies; 3 from 101 to 1,000 colonies and 4, 1,000 colonies 
and above, of the different bacteria. After death material was collected 
in sterile pipets by the pathologist in charge and brought directly to 
the laboratory for examination. The cultures of this material were 
made in the same manner as those from the sputum. Smears from 
throat and sputum during life, and of material after death were made, 
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stained for bacteria and examined, in some cases in order to check the 
results of the cultures, and to study the proportion and character of the 
cells and their behavior toward the bacteria present. In order to check 
the results of cultures and direct examination of the exudate still 
further, and to determine which of the bacteria nearly always present 
had the greatest invasive powers in influenza, the sputum and exudates 
of some of the cases were injected intraperitoneally and intratracheally 
into guinea-pigs and intraperitoneally into white mice. Smears and ° 
cultures of the peritoneal or lung exudate and blood of these animals 
were made according to the method just described. 

At first plain agar, made from beef extract and peptone, to which 
5 per cent. of defibrinated human blood was added, was used, but since 
influenza bacilli were not detected on these plates, the so-called “hor- 
mone” or “vitamine” agar was substituted. The medium was carefully 
titrated to + 0.6 per cent. to phenolphthalein, and cleared by the use 
of a centrifugal machine. Usually, however, it was slightly opalescent 
from fat which was not wholly removed from the meat. One and 
seven-tenths per cent. agar was added instead of from 2 to 2.5 per cent. 
as is usually done. To this medium, cooled to about 60 C. approxi- 
mately 4 per cent. of defibrinated human blood was added before it was 
poured into the plate. The plates were not usually incubated previously 
so that the surface of the agar was not hard and dry, but soft and 
moist. The advantages of this medium over the plain agar medium for 
growing influenza bacilli were striking. Large numbers of typical 
influenza bacillus colonies developed from the sputum of patients when 
few or none had been detected previously on plain-blood agar. In 
order to make sure that the lack of growth of bacilli on the plain blood- 
agar used previously was not due to their absence, but to a difference 
in the medium, parallel cultures on the two mediums were made of 
the sputum of 8 cases of typical influenza occurring at the outset of the 
first wave. All hormone-blood-agar plates showed countless numbers 
of influenza bacilli which grew in symbiosis with the green-producing 
streptococcus or pneumococcus, hemolytic streptococcus, and staphylo- 
coccus colonies, whereas the plain blood-agar plates showed few or no 
colonies of influenza bacilli. The colonies were usually found in the 
heavily inoculated part of the plate and surrounding colonies of green- 
producing streptococci and staphylococci, but were found also in other 
parts of the plate. Cultures from throats of some of these patients 
yielded similar results although influenza bacilli were present in larger 
numbers. Because of these findings, this medium was adopted for 
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routine platings throughout the study. During the latter part of the 
work the special mediums for the isolation of influenza bacilli such as 
Avery’s oleate agar? and of “chocolate” blood-agar plates were also 
used. 


RESULTS 


Cultures were made-of the sputum or from the exudate of the 
throat of 571 patients with influenza or influenzal pneumonia during 
life, of the lung exudate, peribronchial lymph glands, or the blood after 
death in 107 cases. In 309 of the group of 571 and in 65 of the 107, 
both the clinical history and pathologic findings left no doubt as to the 
diagnosis. In the remaining 262 cases complete histories were not 
available for final analysis, but the diagnosis of influenza or influenzal 
pneumonia was made by the physician in charge at the time of the 
attack. The findings after death in 42 of these were clearly those of 
influenza, and since the bacteriologic findings in all were similar to 
those in the undoubted cases the diagnosis of influenza may be con- 
sidered quite accurate. 


TABLE 1 
Resutt oF CuLtures oF MATERIAL FROM INFLUENZA AND INFLUENZAL PNEUMONIA 
Material Cultured, Blood-Agar Plates 
Sputum During Life Lung Exudate after Death 
(571 Cases) (107 Cases) 
Bacteria Predomi-| Not in Predomi-| Notin . 
nating | Predomi- Total nating | Predomi- Total 
orin Pure| nating Per- orin Pure| nating Per- 
Culture, | Numbers,| centage | Culture, | Numbers.| centage 
Per- Per- Per- Per- 
centage centage centage centage 
Green-producing streptococci or 
PNREUMOCOCE Sis teases cass sces 41 54 95 18 387 55 
Hemolytic streptococci........ 3 ¢ 29 38 23 54 77 
StapHylococel..c.cisayisie seicteeree 17 5E ue 10 40 50 
Bacillus influenzae............... 5 8 13 0 5 5 
Micrococcus catarrhalis......... 0 6 6 0 3 8 
BachllUsanncostis. caw sclsscre soe ote 0.8 1 1.8 4 i 11 
Bacillus'colixce.2sesossscen orc ee 0 0.8 0.8 8 5; 18 


The results obtained are summarized in Table 1. The figures giving 
the number of instances in which the various bacteria were found are 
omitted from the table and only those indicating the percentage are 
given, thus making direct comparisons readily possible. Fractions of a 
per cent. below 0.5 are dropped, to those 0.5 or above, one is added. 
The tabulations shown represent cases and not specimens. In many 
cases the sputum was cultured repeatedly during the course of the 
initial influenzal attack and during the influenzal pneumonia which 
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followed. The figures in the first and fourth columns indicate the per- 
centage incidence in which the different bacteria were present in pre- 
dominating numbers or in pure culture ; in the second and fifth columns 
the percentage incidence in which the bacteria were present, but not in 
predominating numbers; and in the third and sixth columns the total 
percentage incidence to the occurrence of the different bacteria in the 
sputum and lung exudate respectively. 

Green-producing streptococci (some of which fermented inulin) 
were isolated from the sputum in predominating numbers or in pure 
culture in 41 per cent., and not in predominating numbers in 54 per 
cent., a total of 96 per cent. of the 571 cases studied ; they were isolated 
from the lung exudate after death in predominating numbers or in pure 
culture in 18 per cent., and in smaller numbers in 37 per cent., a total 
of 55 per cent. of the 107 cases in which necropsies were made. Hemo- 
lytic streptococci occurred in the sputum in predominating numbers or 
in pure culture in 9 per cent., and not in predominating numbers in 29 
per cent., a total of 38 per cent. of the cases studied during life; they 
occurred in the lung exudate in predominating numbers or in pure cul- 
ture in 23 per cent., and not in predominating numbers in 54 per cent., 
a total of 77 per cent. of the cases after death. Staphylococci were 
isolated in varying numbers from the sputum in 72 per cent. and from 
the lung exudate in 50 per cent. of the cases. The influenza bacillus 
was isolated from the sputum in 13 per cent., and in predominating 
numbers in 5 per cent.; it was isolated from the lung exudate in 5 per 
cent. of the cases, never in predominating numbers. Micrococcus 
catarrhalis was found in the sputum in 6 per cent., and in the lung 
exudate in 3 per cent. of the cases, always in small numbers. The 
Bacillus mucosus was found in the sputum in 1.8 per cent., and in the 
lung exudate in 11 per cent. The colon bacillus occurred in the sputum 
in 0.8 per cent., and in the lung exudate in 18 per cent. of the cases. 

The figures represent only in a general way the.relative importance 
of a series of different types of bacteria isolated during life and after 
death. Thus the incidence of staphylococcus in predominating num- 
bers in the sputum in 17 per cent. of the cases should not be taken to 
mean that this organism was the cause of the attack in this percentage 
of cases, because in many only one or two cultures were made, often 
late in the disease when staphylococci had become relatively numerous. 
The lowering in total incidence of green-producing. streptococci of 
from 96 per cent. in the sputum to 55 per cent. in the lung exudate, and 
the increase in incidence of hemolytic streptococci of from 38 per 
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cent. in the sputum to 77 per cent. in the lung exudate may be regarded 
as expressing roughly the importance of these two types of streptococci 
as causes of death in influenzal infection. Instances occurred in which 
the bloody fluid from the lungs of patients who died from acute hemor- 
rhagic edema showed large numbers of green-producing streptococci or 
hemolytic streptococci in pure culture, as well as mixtures of these two 
types of streptococci. Cultures made from throats of patients who 
could not raise sputum at the onset of the attack and in some as con- 
trols of sputum cultures, showed similar results to those obtained from 
the sputum. Throat cultures at the beginning of influenza often 
showed large numbers of the green-producing colonies, in pure or 
almost pure form. 

The number of colonies of the different bacteria which developed 
on the blood-agar plates was recorded according to the numerical scale 
of 1 to 4. It was thought worth while to determine the figure express- 
ing the average incidence by days of the three main varieties of bac- 
teria (green-producing streptococci, hemolytic streptococci, and staphy- 
lococci) which were isolated in influenza and in influenzal pneumonia 
throughout the four epidemic waves. This was done by adding the 
figures representing the number of colonies of each organism and 
dividing this sum by the total number of specimens of sputum cul- 
tivated on the different days. There was no noteworthy difference in 
the average incidence of the various bacteria for influenza and for the 
first five days of influenzal pneumonia; hence these cases are consid- 
ered together. The number of green-producing streptococci averaged 
highest each day for the first five days, the average figures being 3.7, 
3.4, 3.6, 3.6 and 3.4, respectively. The average figures for the first 
five days for staphylococci were 2.0, 2.4, 2.2, 3.0 and 2.4. The average 
figures for hemolytic streptococci were 1.2, 1.6, 1.8, 1.7, and 2. In 
numbers staphylococci occupied the middle position and hemolytic 
streptococci the lowest position, but there was a tendency to an average 
increase in staphylococci and hemolytic streptococci during the later 
stages of the disease. The figures representing the average incidence 
ef the different bacteria after the fifth day varied between wide limits. 
Thus the figures expressing the average increase of green-producing 
streptococci occupied the middle position.on the sixth, seventh, eighth, 
tenth, and eleventh days ; hemolytic streptococci, the lowest position on 
the sixth, seventh, eighth, tenth and eleventh days, the highest position 
on the ninth and twelfth days; staphylococci, the highest position on 


INFLUENZA AND PNEUMONIA 7 


the sixth, seventh, eighth, tenth, and eleventh days, and the middle 
position on the ninth day. It becomes apparent, therefore, that the time 
in the attack when the cultures are made must be considered in order 
properly to interpret their meaning. 

Marked variations in the type of bacterial flora were often noted at 
different stages of the disease during life and after death, and at 
different periods in the epidemic waves. In almost all instances of 
undoubted cases of influenza green-producing streptococci, together 
with a variable number of staphylococci or Micrococcus catarrhalis 
were the predominating flora at the outset of the influenzal attack 
throughout the epidemic waves. In most of the patients who recovered 
without developing pneumonia and in many who developed nonfatal or 
fatal attacks of pneumonia during the earlier part of the waves, this 
flora persisted. Later in the epidemic waves, however, there was a 
tendency for the green-producing streptococci to be displaced by hemo- 
lytic streptococci. This tendency to an increase in hemolytic strepto- 
cocci in the later stages of the disease was noted especially in the 
patients who succumbed to the infection. Thus, in 21 fatal cases in 
which repeated cultures were made of the sputum during life and in 
which the lung exudate was cultured after death, green-producing 
streptococci predominated in the sputum during life in 16, and hemo- 
lytic streptococci in 5, while in these same cases hemolytic streptococci 

predominated in 11, and green-producing streptococci in 10, in the 
lung exudate after death. There was a shifting, therefore, from a pre- 
dominant green-producing streptococcal flora to a hemolytic strepto- 
coccal flora in 6 of these fatal cases. The sputum usually became 
bloody as this occurred ; the blood count showed no noteworthy change. 
The interval from the time of the sputum cultures to the time of the 
lung culture in these 6 cases was 1, 2, 4, 12, 12, and 4 days, respectively, 
or an average of 5.8 days. In some of the patients who recovered, on 
the other hand, the green-producing streptococcal flora again became 
predominant as the symptoms disappeared. This shifting of bacterial 
flora occurred both in cases of influenza without demonstrable lesions 
in the lung, as well as in influenzal pneumonia, but it occurred more 
often in the latter condition. The lack of agreement in the flora was 
noted not infrequently in cultures from the blood, from the lung, and 
from the pleural and other exudates after death. At times this 
occurred simultaneously in groups of patients who contracted the dis- 
ease at about the same time. The blood after death proved to be 
sterile in about one-third of the cases cultured, and in the others green- 
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producing streptococci or hemolytic streptococci alone or with staphylo- 
cocci were isolated in about an equal number of cases. Green-producing 
streptococci were, at times, found in pure culture in the blood when 
the lung and other exudates showed few or no green-producing strep- 
tococci, but hemolytic streptococci with or without staphylococci. The 
cases which showed empyema usually yielded a predominating number 
of hemolytic streptococci. | 

The lack of agreement in the type of streptococcus colonies isolated 
from material after death, as noted in some cases, is well illustrated in 
the cultures from a case of fulminating influenzal bronchopneumonia 
and ulcerative laryngitis. The necropsy was performed soon after 
death. Cultures from the larynx, bronchial tubes and lung exudate 
showed large numbers of moist, spreading, slightly hemolyzing strepto- 
cocci, a few typical hemolytic streptococcus colonies, and a moderate 
number of staphylococci, while blood-agar-plate cultures from dextrose 
broth inoculated with the blood from the heart showed pure growth of 
moist, spreading, nonhemolyzing green-producing colonies of strepto- 
cocci. The morphology and character of the colony of the slightly 
hemolyzing streptococci and the green-producing streptococci from the 
blood were identical. In another case of influenzal bronchopneumonia 
with huge right and slight left empyema and beginning pericarditis, the 
cultures showed large numbers of hemolyzing streptococci and staphy- 
lococci from the pneumonia, a few hemolyzing streptococci and staphy- 
lococci from the left pleura, staphylococci from the pericardium, and 
larger numbers of green-producing streptococci and a few staphylococci 
in the pus from the right pleural cavity. 

Staphylococci were rarely found in large numbers in the sputum 
early in the disease, but there was in general a tendency to an increase 
in the numbers of these organisms during the later stages, especially of 
influenzal pneumonia. In many instances the green-producing strepto- 
coccal flora noted at the outset when the sputum was mucoid in char- 
acter was later partially or wholly displaced by staphylococcal flora, as 
the sputum became more purulent in character. This occurred espe- 
cially during the later stages of the epidemic waves and in groups of 
patients who became ill at about the same time. Usually no particular 
change was noted in the patient’s condition as staphylococci became 
more numerous in the sputum. Staphylococci were often found in 
predominating numbers or in pure culture in the pus from abscesses in 
bronchopneumonic areas in cases in which hemolytie or green-produc- 
ing streptococci were the predominating organism in the pneumonic 
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exudate remote from these abscesses. In such instances it was impos- 
sible to evaluate the exact role played by these organisms. In some 
cases, however, there could be little doubt that they were the cause of 
death just as was the case in the series of staphylococcal pneumonia 
that developed during the influenza’ epidemic at Camp Jackson, as 
reported by Chickering and Park.® In these there was a rapid change 
for the worse in the patient’s condition as the staphylococci appeared 
in large numbers in the sputum and as the sputum became bloody, 
although purulent in character. The leukocyte count remained at about 
the same level or became lower as death occurred from acute hemor- 
rhagic edema, or acute bronchopneumonia in from one to three days. 
The lung exudate after death showed enormous numbers of micrococci 
in groups in smears and staphylococci in enormous number usually in 
pure or in almost pure form in cultures. The freshly isolated organisms 
from some of these cases were found to be extremely virulent for 
animals. Intratracheal injection into guinea-pigs produced violent 
symptoms associated with leukopenia, and frequently death occurred 
from acute hemorrhagic bronchopneumonia, hemorrhagic edema, and 
voluminous lungs. The picture in these animals was quite different 
from that following injection of freshly isolated strains of staphylo- 
coccus from furunculosis, and from the abscesses in the lungs of 
some patients who died later.. In the latter, symptoms were slight or 
absent, leukocytosis developed, recovery was the rule, and while areas 
of bronchopneumonia were found acute hemorrhagic edema never 
developed. 

Influenza bacilli were isolated from the sputum in large numbers 
only during the early part of the first wave and almost not at all after 
that. These organisms were present in only a small number of cases 
after death, and when found were always in small numbers. That the 
absence of this organism in the cultures was due to their absence in the 
material cultured and not to their inability to grow on the medium used 
is certain. The medium which we used throughout the different waves 
was found quite efficient for cultivating this organism from swabs of 
the nasopharynx of influenza patients and from normal persons by 
Dr. Williams and Dr. Hatfield, working in our laboratory during the 
fourth wave. It is true, however, that cultures made at the same time 
on the special mediums which they used for isolating influenza bacilli 
showed this organism in a somewhat higher percentage of cases. We 
were especially interested in whether or not influenza bacilli were 
present in the exudate of the lower respiratory tract, the point of chief 
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attack, but cultures of sputum at this time again showed influenza 
bacilli in only a few cases, and in these in small numbers. Smears of 
the sputum, lung exudate, and tracheal mucus failed to show influenza 
bacilli when they were absent in cultures. 

The results of the injection into animals (mice and guinea-pigs) of 
the sputum and lung exudate directly or of the primary mass culture 
in dextrose-blood broth served as an additional check on the cultures, — 
for it was thought that growth of influenza bacilli, if of great signifi- 
cance in the production of symptoms in the disease in our cases, might 
occur in animals known to be susceptible to these organisms. More- 
over, it was thought that a fairly accurate knowledge of the degree of 
invasive power of the different bacteria might be obtained in this way. 
A study was, therefore, made of the relative numbers of the different 
bacteria in the sputum and primary cultures in dextrose broth of 
sputum which was injected into animals and their relative numbers 
from the peritoneal and lung exudates of the animals that died. Sixty- 
eight animals succumbed to the intraperitoneal or intratracheal injection 
of sputum or of primary cultures from sputum and from lung exudate. 
Green-producing streptococci were the predominant organisms in the 
material injected in 68 per cent. of the animals, while after death this 
organism predominated in the blood, peritoneal or lung exudate in 
78 per cent. of the animals. In most of the others hemolytic strepto- 
cocci, and in a few, staphylococci, were the predominating organisms. 
Influenza bacilli were not isolated in a single instance, notwithstanding 
the fact that some of the specimens of sputum injected contained this 
organism in large numbers. The blood-agar plates made from the 
peritoneal exudate usually showed a mixture of streptococci and 
staphylococci in about the same proportions as in the material injected, 
while the blood nearly always contained pure cultures of streptococci, 
usually of the green-producing variety. In some animals, however, 
striking deviations from this rule occurred. Staphylococcus colonies 
in varying numbers often developed from the peritoneal exudate when 
the blood-agar plate from the material injected showed only strepto- 
coccus colonies. In some instances green-producing streptococci were 
isolated from the blood of these animals in pure culture, or together 
with hemolyzing streptococci when pure cultures of hemolyzing strepto- 
cocci were injected, and vice versa. These findings were noted also 
when the cultures injected were derived from single widely separated 
colonies and at the same time in series of animals including several 
species. 
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The respiratory infections were of quite different types during 
several weeks prior to the occurrence of the first epidemic wave, at the 
height of the waves, as the waves subsided, and for several weeks 
following. Prior to the first severe outbreak mild attacks of pharyn- 
gitis and bronchitis with little fever and with slight or no constitutional 
symptoms occurred. Cultures from these cases showed 2 green-pro- 
ducing streptococcal flora in the sputum and throat. At the height of 
the epidemics, especially the first wave, marked prostration, cyanosis 
and leukopenia, high fever, and marked tendency to lung involvement 
with slight injection of pharynx and tonsils dominated the picture. 
Deaths from acute hemorrhagic edema were relatively common. As 
the waves subsided the symptoms became less marked, leukopenia was 
less persistent, deaths from respiratory involvement occurred later, and 
the lung showed relatively more true consolidation, but symptoms 
referable to infection of the nose and throat were more pronounced. 
In such cases it was often difficult to make the diagnosis, and cultures 
in some showed hemolyzing streptococci from the beginning of the 
attack. Still later well marked pharyngitis, often associated with fol- 
licular tonsillitis, absence of leukopenia or even leukocytosis, became 
prevalent. Involvement of the lung was now rare and deaths from 
pneumonia no longer occurred. Cultures from the throat and tonsils 
of patients in the latter condition showed hemolytic streptococci to be 
the chief organism. 

The technic of making the cultures was uniform throughout the 
four waves, and the results were recorded according to ‘the scale of 
1 to 4, thus affording opportunity to study the changes in the character 
of the colonies of the different species and changes in their relative 
numbers as the epidemic waves appeared and disappeared. Each of 
the four epidemic waves studied ran its course in about six weeks, and 
the crest was reached in about two weeks; accordingly the results of 
sputum cultures from cases of influenza and influenzal pneumonia, 
and the fatal cases, were arranged into three groups of two weeks 
each, and the average of the three main types of bacteria (green- 
producing streptococci, hemolyzing streptococci, and staphylococci) 
determined. The first period comprised the first two weeks, the second 
the third and fourth weeks, and the third the fifth and sixth weeks of 
the four waves. The figures representing the average incidence of 
green-producing streptococci for the three periods of the four waves 
were 2.6, 2.3 and 2.7; for hemolyzing streptococcus 1.1, 1.4, and 1.4; 
and for staphylococci 1.8, 2.1, and 2.4, respectively. According to 
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these figures it is evident that the green-producing streptococcus in the 
sputum averaged the highest throughout the epidemic waves, and that 
the hemolyzing streptococcus and staphylococcus while comparatively 
few early in the epidemic became relatively more numerous as the 
waves subsided. In the case of cultures after death the figures repre- 
senting the average for green-producing streptococci for the three 
periods were 1.5, 2.6 and 1.0, for hemolyzing streptococcus 1.1, 1.7 
and 2.5, and for staphylococcus 1.1, 1.1 and 2.1, respectively. Accord- 
ing to these figures, the green-producing streptococcus was the chief 
catise of death during the first four weeks of the waves, and the hemo- 
lyzing streptococcus and staphylococcus during the fifth and sixth 
weeks, or as the waves were subsiding. 


MORPHOLOGY, CULTURAL CHARACTERISTICS AND FERMENTATIVE 
POWERS OF THE STREPTOCOCCI FROM INFLUENZA 


Green-Producing Streptococci. — The somewhat peculiar green- 
producing streptococcus isolated during the first wave has been 
described (Study 1). The further results, throughout the subsequent 
waves, have in the main corroborated the earlier findings, although 
greater differences in cultural characteristics have been noted than were 
at first apparent. From a study of a large number of cases we have 
found green-producing streptococci, including pneumococci, to be the 
most common organism present in influenzal infection. The strains 
when first ,isolated usually produced rather moist, spreading, non- 
adherent greenish colonies on blood-agar plates and a diffuse cloud in 
glucose broth. Smears of young cultures from these mediums showed 
gram-positive oval shaped diplococci of quite uniform size, singly, in 
pairs, and usually in fairly long chains. These were of about the size. 
of pneumococci and were often indistinguishable from them, although 
chain formation was usually more marked and the capsule less distinct. 
Smears from older cultures, especially in the deeper layers of tall col- 
umns of glucose-brain broth, often showed diplococci of extreme varia- 
tions in size and shape. During the first wave the colonies were quite 
moist, usually resembling type II] pneumococci, although less mucoid 
in character; in the subsequent outbreaks, especially during the later 
stages, they were usually not so moist and were often indistinguishable 
from pneumococcus. colonies. The more moist spreading type of colonies, 
some resembling Pneumococcus mucosus, were isolated, however, dur- 
ing these waves in some instances. This was true particularly early 
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in each wave, in severe cases occurring in groups of persons who con- 
tracted influenza soon after arriving in Rochester, and who came from 
the same locality, as well as in individual families residing in Rochester 
and in the surrounding country. The chief distinguishing character- 
istics of these strains as of those in the first wave, however, were their 
marked and peculiar invasive power on intratracheal injection. As the 
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epidemics subsided and the infections became milder the colonies of 
green-producing streptococci from sputum became smaller, and less 
moist, capsule formation was slight or absent, the chains were longer, 
and growth in glucose broth was more granular or occurred only at 
the bottom of the tubes. The virulency of these, determined by intra- 
peritoneal injections into mice and intratracheal injections into guinea- 
pigs was of a lower order. This difference in character of growth was 


TABLE 3 


Tue VARIABILITY IN FERMENTATIVE POWER OF HEMOLYTIC STREPTOCOCCI FROM INFLUENZA 


Date of Strain Dex- Lae- Mal- |Saccha-| Raffi- | Man- | Sali- Inu- Con- 
Test trose tose tose rose nose nite ein lin trol 
3/15/19 2541.3 +38 0 +2 +4 0 0 +3 0 0 

12/12/19 2541.6 +3 +2 +3 +3 0 0 +3 0 0 
3/15/19 2559.5 +3 0 =f +4 0 0 +4 0 0 

12/12/19 2559.8 +4 +2 +3 +3 0 0 +3 0 0 
3/ 6/19 2557.14 +3 +3 +2 +4 0 0 +3 0 0 
3/ 6/19 2557.14 +3 +3 +3 +4 0 0 +3 0 0 

12/16/19 2557.16 +3 +3 +3 +4 0 0 0 0 0 
5/ 8/19 2774.10 +2 0 0 +3 0 0 +2 +3 0 

12/19/19 2774.13 +3 +2 +3 +4 0 0 0 0 0 
3/19/19 2821.6 +4 +2 +3 +4 0 0 +4 0 0 

10/23/19 2821.12 +4 + 7 +48 + 0 0 +2 0 0 
8/21/19 2815.6 +3 0 +2 +4 0 0 + 0 0 

12/17/19 2815.28 +3 +2 +2 +3 0 0 0 0 0 
3/26/19 2826.6 +2 0 +3 +4 0 +4 0 0 0 

10/26/19 2826.5 +4 +8 + +8 +2 +2 0 0 0 
3/26/19 2851.3 +3 +2 +4 +3 0 0 +3 0 0 
3/26/19 2851.4 +3 +3 +3 +3 0 +4 0 0 0 

12/19/19 2851.6 +3 0 +3 +3 0 0 +2 0 0 
4/ 8/19 2902.3 +3 +3 +2 +4 0 0 0 0 0 

11/24/19 2902.4 +3 +3 +3 +2 0 0 +4 0 0 
4/16/19 3358.2 +3 +3 +3 +38 0 +4 +4 0 0 

12/22/19 3358.6 +4 ote +2 ae 0 +2 +3 0 0 
4/29/19 33872.3 +2 +4 +2 +3 +3 0 +3 0 + 

11/14/19 33872.5 +4 +3 +4 +3 0 0 +4 0 0 
4/29/19 3395.5 +2 +4 +3 +3 +4 0) +3 0 0 

12/19/19 3395.9 +2 = sp a 0 0 0 0 0 
4/29/19 3398.4 +3 +3 2 +3 0 +2 +3 0 0 
5/24/19 33982.5 +4 +2 +2 +4 +4 0 +3 0 0 
1/ 3/20 3398.7 +2 0 0 + 0 +2 0 0 0 


noted in strains isolated directly from the sputum as well as from the 
animals that succumbed to injections of sputum. Distinct as these 
differences were in cultural features, immunologic studies (Study 
III) showed most of them to be identical, especially those isolated early 
in the attack. In making cultures from the sputum and lung exudate 
on blood-agar plates small indifferent colonies of streptococci resem- 
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bling influenza bacilli were frequently noted. This resemblance was 
often so marked that examination of smears stained with a Gram stain 
were necessary to differentiate them. These often acquired the power to 
produce green on blood agar after one or more cultivations in tall tubes 
of glucose broth. Moreover, colonies which appeared to be transition 
forms between green-producing and hemolytic streptococci were fre- 
quently noted, especially in the sputum of patients as the epidemics 
were subsiding. After cultivation on artificial mediums the strains 
often showed marked changes. The colonies became dry, and smaller ; 
and often diffuse growth in glucose broth no longer occurred, but 
instead a growth with granular sediment resembling Streptococcus 
viridans. In some instances indifferent colonies developed and in many 
instances they acquired hemolytic power. This was of all grades from 
a narrow zone peripheral to an inner green zone to well marked 
hemolytic zones beginning immediately around the colony. 

Hemolytic Streptococct—tThe infections of the lung by hemolytic 
streptococci, as they occurred during the pandemic of influenza usually 
without empyema, without tonsillitis and without leukocytosis, but 
with leukopenia, indicated peculiar infecting powers not possessed by 
hemolytic streptococci found so commonly in normal throats and 
tonsils in acute follicular tonsillitis, and in the pneumonia empyema 
epidemic of 1917-1918. This has been found actually to be the case. 
Strains from the sputum and lung in cases of acute hemorrhagic edema 
reproduced this condition associated with leukopenia in guinea-pigs 
on intratracheal injections; whereas strains of hemolytic streptococci 
from simple pharyngitis caused leukocytosis (reported elsewhere), but 
never acute hemorrhagic edema of the lung. Culturally, there was 
often a distinct difference between these strains and those isoiated 
from cases of empyema and the throats of persons suffering from 
pharyngitis and tonsillitis. The colonies were more moist, less opaque, 
often spreading in character, quite as the colonies of green-producing 
streptococci, and the hemolytic zone was not so wide, not so clear, 
and the margin less sharply defined. Freshly isolated strains from 
acute cases produced diffuse growth in glucose broth, while hemolytic 
streptococci from the pus in cases of longer duration like those from 
other sources, usually grew granular with flocculent sediment. Mor- 
phologically, these strains were at times indistinguishable from the 
green-producing streptococcus, the smears showing elongated diplococci 
singly and in chains of various lengths. After cultivation on artificial 
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mediums for a time these peculiar properties tended to disappear, in 
some instances abruptly, and were no longer distinguishable from the 
hemolytic streptococcus obtained from other sources. In some instances 
the hemolytic streptococci acquired the power to produce green colonies. 

The tendency of the green-producing streptococci to acquire hemo- 
lytic powers, and to a lesser degree the tendency of the hemolytic 
streptococci to acquire the power to produce green colonies was so 
marked that it was found necessary in agglutination experiments to 
plate the cultures actually agglutinated in order properly to interpret 
the results obtained. The tendency of hemolytic streptococci to lose 
their hemolyzing powers was especially marked in freshly isolated 
cultures when grown in tall tubes of glucose-brain broth. This fre- 
quently occurred in cultures derived from single colonies from plates 
showing large numbers of the organism in question in pure form. The 
cultures which were put aside for study were made on blood-agar 
slants from single colonies, or from a group of colonies well separated 
from other bacteria. The tendency to mutations in these cultures may 
best be illustrated by giving the results of subcultures when this point 
was especially noted. Thus of a total of 623 cultures, green-producing 
streptococci bred true to type in 348 instances, and hemolytic strepto- 
cocci in 168, a total of 516. In the remaining 115 cultures, green- 
producing streptococci yielded hemolytic streptococci in 45 instances, 
indifferent streptococci in 27, and staphylococcus colonies in 22, 
while hemolytic streptococci yielded green-producing streptococci in 9 
instances, indifferent streptococci in 7, and staphylococci in 5. In 
most instances the changes in type occurred abruptly, under various 
conditions, but especially when old cultures on blood-agar and dextrose- 
brain broth were transferred. The instability of the streptococcus 
strains from influenza often made it difficult to obtain the proper pro- 
portions of the different strains in the vaccine which was used for 
prophylactic inoculations. The routine procedure consisted of trans- 
ferring single colonies or a group of colonies of the different bacteria 
to bottles containing 150 cc of 0.2 per cent. glucose broth, incubating 
these over night, making smears, plating a loop full, and inoculating 
about 30 cc with a bulbed pipet into large bottles containing about 
3,500 cc of glucose broth. Smears and blood=agar plates were again 
made of the latter. It frequently happened that while the plating from 
the small bottles of broth showed pure growths of the type inoculated, 
the plating from the large bottle often showed a partial or totally 
changed streptococcus flora, and not infrequently showed staphylo- 
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coccus colonies as well, in spite of great precautions taken to avoid 
accidental contamination. Owing to these findings, further studies 
were made on this point. The findings in Case 3101 and the behavior 
of the strain isolated will suffice to illustrate results obtained along 
this line: 


Case 3101, a man, aged 32, became sick Feb. 28, 1919, with severe headache, 
aching all over the body, marked prostration and chilly sensations, but no dis- 
tinct chill. The next day he was admitted to the hospital with a temperature 
of 104, pulse 90, and respiration 20. The throat was slightly infected, and 
moderate dullness and decreased breath sounds over the base of both lungs were 
found. The temperature ranged between 100 and 104 until March 5. March 6 
the temperature was higher and scattered areas of dullness with rales were 
elicited. March 7 the patient became cyanotic, extremely short of breath, and 
expectorated large amounts of bloody, frothy material. He grew rapidly worse 
in spite of venesection (400 cc) and transfusion of 250 cc of convalescent 
human blood, and died, March 8. The leukocyte count on March 3 was 10,600; 
March 4, 9,000; March 5, 9,500; March 7, 9,100. March 2 and 6 the sputum was 
mucopurulent and showed large numbers of green-producing streptococci, 
slightly hemolyzing streptococci, and staphylococci. March 7, the day the patient 
became worse, the sputum showed no change in flora, but a blood culture yielded 
a pure growth of hemolytic streptococci. March 8 the sputum contained enor- 
mous numbers of hemolytic streptococci and staphylococci, but no longer green- 
producing streptococci nor slightly hemolyzing streptococci. One guinea-pig was 
injected with the twenty-four hour primary culture from the blood in glucose- 
brain broth. The animal was ill for a time and lost 30 gm. in weight, and then 
recovered. A second guinea-pig was injected March 9 with 2 cc of the glucose- 
brain broth culture made from a single colony of hemolytic streptococcus on a 
blood-agar plate inoculated with the culture injected into the first guinea-pig. 
The plate showed a pure culture of hemolytic streptococcus. The guinea-pig 
lost in weight, and respirations were increased. It was chloroformed two days 
after injection and two large areas of consolidation in the right diaphragmatic 
lobe were found. From these areas pure cultures of green-producing strepto- 
cocci, but no hemolytic streptococci were obtained. The tube of glucose-brain 
broth inoculated with the blood, which showed on plating a hemolytic strepto- 
coccus in pure form, was placed in the ice chest until September 8, when a 
glucose-brain-broth culture and a plating on blood-agar were made. The blood- 
agar plate yielded one colony of hemolytic streptococcus. From this colony a 
blood-agar plate and a tall tube of giucose-brain broth were inoculated (Septem- 
ber 13). The former showed pure cultures of hemolyzing streptococci. The latter 
developed abundant growth, but the tube was not opened until November 28, 
at which time two blood-agar plates were made; both showed many colonies of 
hemolyzing streptococci as well as green-producing streptococci. From this plate 
single hemolyzing and green colonies well separated from other colonies were 
inoculated December 1 into one tube of glucose-brain broth each. Both tubes 
developed abundant diffuse growth, and platings on blood-agar December 2 
showed pure cultures of green-producing streptococci. In both instances intra- 
tracheal injection into 3 guinea-pigs of the growth in the tube inoculated with 
hemolytic streptococcus colonies resulted in the production of acute broncho- 
pneumonia with death of two on the third day while the third animal recovered 
after three days of illness. Green-producing streptococci were isolated in large 
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numbers from the two-that died. Hemolytic streptococci in the tube of glucose- 
brain broth when fresh were injected intratracheally into one guinea-pig. It 
developed bronchopneumonia and from the lung lesions pure cultures of green- 
producing streptococci were isolated. The tube of glucose-brain broth inocu- 
lated (September 9) showed diffuse growth, and a blood-agar plate September 
10 contained pure culture of typical hemolytic streptococci. A single colony was 
used to inoculate a blood-agar plate and a tube of glucose-brain broth. The 
former yielded a pure culture of hemolytic streptococci; a plating of the latter 
September 13 also showed a pure culture of the hemolytic streptococcus, but a 
plating made November 28, after incubation at 35 C. since September 9 showed 
countless numbers of indifferent colonies of streptococci and moderate numbers 
of slightly hemolytic streptococci. The tube of glucose-brain broth inoculated 
with a single colony September 10 developed diffuse turbidity and September 12 
yielded countless hemolytic streptococcus colonies on blood-agar plates. A blood- 
agar plate made of this same tube November 28 showed countless staphylococcus 
colonies with no hemolytic or green-producing streptococcus colonies. Decem- 
ber 2 intratracheal injection into two guinea-pigs of this culture containing 
staphylococci caused leukopenia, increased respiration for a time, and death on 
the eleventh day. There was no lung involvement and the organism was lost. 
The culture in glucose-brain broth made from a single colony of hemolytic 
streptococci September 13 was injected intratracheally into one guinea-pig and 
intraperitoneally into a mouse. The guinea-pig had marked increased respiration 
for a number of days, and died nineteen days after the injection from interstitial 
bronchopneumonia. The mouse lived thirteen days, and then died. Cultures of 
the blood of both yielded hemolytic streptococci. 


The infecting power and immunologic conditions of the organisms 
as changes occurred have been studied extensively. The details of 
these experiments will be reported elsewhere, but it may be stated that 
high and peculiar invasive powers of the changed forms have been 
noted repeatedly, and that as cultural properties changed immunologic 
reactions usually became different also. 


FERMENTATIVE POWERS OF THE STREPTOCOCCI 


The fermentative powers of the streptococci over the usual test 
sugars have been determined in a large number of strains. The method 
which we have found most efficient and convenient for this study is a 
modification of the Hiss serum water medium. This modification con- 
sists of the Hiss serum water medium with the addition of 0.5 per 
cent. agar, just sufficient to jell, 1 per cent. of the different test sugars, 
and Adraid’s indicator instead of litmus. The medium is placed in 
small tubes, 3 inches by 84 of an inch, about 2 cc into each tube, and 
steamed in the usual manner on three successive days. Inoculations 
are made by stabbing the medium with a loop containing organisms 
from fresh cultures on blood-agar. The tubes are incubated for 
seventy-two hours, and then read. Negative reactions can be deter- 
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mined easily since if growth has taken place a streak along the line 
of inoculation can readily be made out. A negative result is not 
recorded unless a distinct growth has taken place. The degree of 
acidity is indicated with one or more + signs according to the depth 
of red color produced. 

Altogether, we have tested the fermentative power of 254 strains 
of the green-producing streptococci soon after isolation. Of these, 
94 per cent. fermented dextrose; 90 per cent. lactose; 93 per cent. 
maltose; 78 per cent. saccharose; 49 per cent. raffinose; 35 per cent. 
mannite, 67 per cent. salicin, and 38 per cent: inulin. After cultivation 
for from six to nine months on blood-agar, 139 strains were again 
tested. The results in dextrose, lactose, maltose and saccharose were 
practically the same as with the freshly isolated strains, but the num- 
ber fermenting raffinose, mannite, salicin and inulin was decidedly less 
in each, the percentage being 22, 16, 45 and 17, respectively. Tests of 
the fermentative power of 119 strains of hemolyzing streptococci soon 
after isolation resulted as follows: 91 per cent. fermented dextrose, 
71 per cent, lactose, 87 per cent. maltose, 82 per cent. saccharose, 19 per 
cent. raffinose, 16 per cent. mannite,-79 per cent. salicin, and 8 per 
cent. inulin. After prolonged cultivation a general lowering of fer- 
mentative powers was noted in 70 strains tested. This was especially 
marked in the case of lactose and salicin. The instability of these 
strains as noted on blood-agar and other mediums was noted also 
with respect to their fermentative powers. The results obtained from 
a study of a large series of strains by testing each strain on different 
dates are well illustrated by the summaries in tables 2 and 3. It 
becomes apparent at once from a study of these tables that a classifica- 
tion of the streptococci, especially the green-producing streptococci, on 
the basis of their fermentative reactions would have little real meaning, 
since they frequently acquire or lose, quite without regard to rule, the 
power to ferment important carbohydrates. 


GENERAL DISCUSSION AND SUMMARY 


From a bacteriologic study of a large series of cases of influenza 
and influenzal pneumonia throughout four epidemic waves, green- 
producing streptococci (including pneumococci) were found to occur 
more constantly and in larger numbers than any other organisms com- 
monly associated with this disease. This flora predominated alike in 
the cases of influenza without lung involvement, in those of lung 
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involvement in the initial febrile attack as well as in those in which 
influenzal pneumonia developed after a quiescent interval following 
influenza. This was especially true early in the attacks throughout 
the epidemic waves, and the flora usually persisted and was the chief 
cause of death during the early part and during the height of the epi- 
demic waves. Moreover, the agglutination experiments with a mono- 
valent immune horse serum have shown that most of the strains iso- 
lated early in the disease are immunologically alike, whereas later they 
become more heterogeneous, just as do the specific strains after culti- 
vation on artificial mediums. 

During the latter part of the outbreaks hemolytic streptococci 
became relatively more numerous, especially late in the disease, and 
death was often the result of invasion by these organisms. A similar 
increase in the number of staphylococci occurred, and in some instances 
rese appeared to be the immediate cause of death. The change in the 
type of the disease and the character of the lesion in the lung, which 
were noted during each of the epidemic waves, appeared to be due more 
to a change in the virulence of the organisms than to a change in the 
type of flora. Thus well marked instances of acute hemorrhagic 
edema occurred, but almost wholly at the height of the epidemic waves 
in which each of these organisms was found in pure culture or in 
mixture in various proportions. 

The influenza bacillus was found in the sputum in the early part 
of the first wave only in a few cases and always in association with 
streptococci, while throughout the remaining three waves it was iso- 
lated only occasionally. The criticism which has been raised by those 
who believe the influenza bacillus to be the cause of influenza, that 
the methods used by those who fail to isolate this organism are inade- 
quate, does not apply to this study, because the medium used through- 
out this study was proved effective for the growth of the influenza 
bacillus. Special mediums were employed during the latter part of 
the study, smears failed to show the organism, and influenza bacilli 
were not found in the animals injected directly with sputum and lung 
exudate. Hence it is certain that in the majority of cases studied this 
organism played little or no role in the production of symptoms. Its 
presence in large numbers in some cases in the early part of the first 
wave and its almost complete absence in sputum and lung exudates 
subsequently indicate that the difference in the frequency of isolation 
of this organism by various workers is in general, as emphasized by 
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MacCallum and others, a measure of its prevalence in the particular 
epidemics studied, and that many epidemics of typical influenza occur 
that are not due to this organism. Moreover, when found it is usually 
associated with organisms of the pneumococcus-streptococcus group 
(Park, Williams, Dick and Murray). 

The finding of a preponderance of the pneumococcus-streptococcus 
group of organisms reported herewith is in accord with the results 
obtained by the pneumonia unit at Camp Lewis, by Blanton and Irons, 
Friedlander, McCord, Sladen and Wheeler, Stone and Swift, Jordan, 
Hirsch and McKinney, Dunn, and many others. 

It has been demonstrated repeatedly in this study that the peculiar 
infecting power of streptococci from influenza does not depend on their 
power to ferment certain carbohydrates, and that the fermentation 
reactions are variable. Hence the difference in the relative number of 
instances in which green-producing streptococci, hemolytic streptococci, 
or Group 4, or even type pneumococci were isolated by the different 
workers during the pandemic does not necessarily mean that the dif- 
ferent strains did not have the infecting power peculiar to influenza, 
just as has been found to be the case in our hands. A striking example 
in support of this idea occurred at Camp Grant in which type II pneu- 
mococci of extreme virulency were found to be the cause not of lobar 
pneumonia, but of acute bronchopneumonia typical of influenza during 
an extremely fatal epidemic as described by Hirsch and McKinney. 

The changes observed in morphology, cultural characteristics, fer- 
mentative and immunologic reactions in the green-producing strepto- 
cocci indicate that the organism described by the English observers and 
designated by them as diplostreptococcus, the green-producing strepto- 
coccus found by Mathers as described by Tunnicliff, the diplococcus 
epidemicus described by Bernhardt and by Segale, the diplococcus 
mucosus described by Stephan, and the pleomorphic streptococcus 
described by Wiesner in influenza, are identical with the green-produc- 
ing streptococcus isolated in this study, or modifications thereof. More- 
over, the marked changes or true mutations that have occurred in the 
culture tube under controlled conditions indicate that the change in the 
bacterial flora at different stages of the disease in the individual and 
in the epidemic waves may not always be the result of superimposed 
infections from the upper respiratory tract as is now generally 


believed. 
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STUDIES IN INFLUENZA AND PNEUMONIA 


VI. THE LEUKOCYTIC REACTION IN INFLUENZA AND INFLUENZAL 
PNEUMONIA 


E, C. RosENOW 
Division of Experimental Bacteriology, The Mayo Foundation, Rochester, Minnesota. 


Leukopenia, or absence of leukocytosis, has come to be regarded as 
an important aid in the diagnosis of influenza, and a persistent leuko- 
penia as of bad prognostic import. The cause of the leukopenia has 
been the subject of much speculation. It is thought by many observers 
that an unknown virus produces the initial leukopenia, and that this 
virus interferes with the leukocytic response when secondary infection - 
by streptococci or pneumococci is believed to occur as pneumonia 
develops. 

No matter what the cause of influenza may be, the absence of leuko- 
cytosis is a striking phenomenon. The exact leukocytic reaction, how- 
ever, throughout the initial influenzal attack and in influenzal pneu- 
monia in fatal and nonfatal infections has not been determined, nor 
has a systematic study of the leukocytic reaction in animals been made 
following injections of the different species of bacteria that are so 
commonly isolated in influenza. It was therefore thought worth while 
to determine the leukocytic curves in the spontaneous disease and in 
experimental animals in which the dosage and type of organism intro- 
duced could be accurately controlled and might throw light on the 
question as to the cause of leukopenia in influenzal infection and 
determine more accurately the prognostic significance of the lack of 
leukocytic reaction in this disease. 

In figure 1 the curves indicate the average leukocyte counts by days 
in influenza and influenzal pneumonia in man, and experimental influ- 
enzal pneumonia in guinea-pigs, according to fatal and nonfatal infec- 
tion. There were no deaths from influenza without lung involvement 
among the cases included in part 1 of figure 1. The dotted line repre- 
sents the count in the cases in which fatal attacks of influenzal pneu- 
monia later developed. The average count for the first six days in 
influenza was about 6,500, and was approximately the same in the fatal 
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and nonfatal cases. From the seventh to the tenth day the count rose 
somewhat in the patients who recovered, while it dropped in those who 
later developed influenzal pneumonia from which they succumbed. It 
will be noted that, contrary to the general belief, the average leukocyte 
count when influenzal pneumonia developed was no higher than during 
the initial influenzal attack. The count in the nonfatal infections then 
gradually rose, while in the fatal infections it rose for two days and 
then gradually declined. This finding is in accord with that of Haase 


I LT III 
Leukocytes Influenza Inf luenzeal+pneumonie influerzal4+pneumonia 
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Fig. 1.~Average leukocyte count by days in influenza and influenzal pneumonia in 
guinea-pigs according to fatal and nonfatal infection. -—denotes the average leukocyte count 
in nonfatal infection; —-—- average leukocyte count in fatal infection; * B, before injection; 
*D, after death. ; 


and Wohlrabe* who also found that there is a tendency of the leuko- 
cyte count to rise in the later stages of influenza and influenzal 
pneumonia. 

Marked individual differences were noted in the leukocytic response 
in guinea-pigs following injection of bacteria from patients with influ- 
enza. If a series of animals was injected with the same dose of a 
given strain, nearly all showed a drop in the number of leukocytes; 
the drop in some was slight, in others it-was marked, and occasionally 
an animal showed leukocytosis. There was no definite relation between 


1 Haase, N., and Wohlrabe: Ueber das Blutbild bei Influenza, Deutsche. med. Wchnschr., 
1918, 44, p. 1383 
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the mortality rate and the initial leukopenia, but a persistently low 
count occurred more often in the fatal infections. In part III of 
figure 1 the average leukocyte count by days in nonfatal infections 
shows a decided drop for two days following injection and then a rise, 
while in the fatal infections there was a progressive diminution. 
These curves are believed to be accurately representative, since they 
include, as indicated, the average of a large series of animals and cor- 
respond roughly with the curves in the spontaneous disease. The 
leukocyte count in apparently normal guinea-pigs varies greatly, but 
counts made repeatedly show that it tends to remain at a given level 


Influenza Influenza l+pneumonia 
Leukocytes Day of Disease Day of Disease 


4000 
Average leukocyte count in cases during first two weeks. 
Average leukocyte count in cases during third two weeks. 


Fig. 2.—Average leukocyte count by days according to time in epidemic waves. 


over a period of some days. The injections were made in various 
ways with sputum, primary cultures, exudates and pure cultures of 
green-producing streptococci from the sputum or lungs in undoubted 
cases of influenzal infection. 

It has been our observation that the most typical cases of influenza 
and the highest mortality rate occurred at the height of epidemic 
waves. It was thought worth while, therefore, to group the cases with’ 
leukocyte counts according to the time in epidemic waves (figure 2), 
and to learn whether the average leukocyte count might not be lower 
in the cases at the height of epidemic waves as compared with that in 
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the cases as the epidemic waves subsided. It was found that each of 
the four waves of influenza that occurred in Rochester during the fall” 
of 1918 and winter and spring of 1919 ran its course in about six 
weeks, and that the crest of the wave was reached in about two weeks 
in each. Each wave was therefore arbitrarily divided into two-week 
periods for study. The average counts by days of patients developing 
influenza and influenzal pneumonia during the first two weeks and 
the third two weeks were determined and traced in figure 2. The 
average count for the first five days of the influenzal attack in the two 
groups was about the same; after that the count was decidedly lower 
in the group contracting the disease during the first two weeks of 
each wave than during the third two weeks. The average count during 
influenzal pneumonia was about the same during the first two days 
and no higher than at the outset of influenza, but after that the rise in 
leukocytes was decidedly less during the first two weeks than during 
the third: two weeks of each wave. The mortality rate in the first two 
weeks was definitely higher than in the third two weeks. 

In table 1 are given the leukocytic reaction and other findings in 
guinea-pigs injected with material, first, from patients showing marked 
leukopenia, and second, from patients showing no reduction or a 
moderate increase in the leukocyte count. It will be seen that the 
average leukocyte count in the five patients (table 1, part I) showing 
leukopenia was 4,340. Two of these died. Four had influenzal bron- 
chopneumonia, and one (case 2,981) showed symptoms of intestinal 
influenza. All of the 19 animals injected with material from this 
group of patients showed reduction in the leukocyte count on the day 
after injection. In some instances this was very marked (P 961, P 981, 
P 1,069), while in others it was relatively slight. The average diminu- 
tion in the leukocyte count was 58%. ‘The average reduction 48 hours 
after injection was 36%. ‘The reduction occurred over a wide range 
of dosage, 0.1 cc tol.scc. It followed subcutaneous as well as intra- 
tracheal injections of green-producing streptococci isolated from the 
throat, sputum, lungs, blood, and stool. The cultures of streptococci 
injected were in the first to the fourth generation, and some were 
derived from single green colonies on blood-agar plates. Injection of 
‘a filtrate of a fresh culture of green-producing streptococci also showed 
reduction in leukocytes (P 996, P 997). This is in accord with the 
findings following injection of other filtrates (table 2). The mortality 
in this group of animals was 47%. The reduction in leukocytes twenty- 
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four hours after injection was practically the same in the fatal and non- 
fatal infections, whereas forty-eight hours after injection the leukocyte 
count was usually lower in the animals that died as a result of the 
injection than in those that recovered (P 961, P 983, P 8/0, ZG b yy 

Injections were made of material from 8 patients with undoubted 
influenza but who showed no reduction, or even a slight increase, in 
leukocytes at the time the animal experiments were performed (table 1, 
part II). The symptoms of these patients were the same as of those 
in the former group, although not so severe. The average leukocyte 
count was 11,300; two of these patients died. Four of the patients 
had influenza without lung findings, and 4 influenzal pneumonia (1 
complicated with empyema) at the time of the animal injections. The 
leukocyte counts in the 10 animals injected with material from these 
patients averaged 12,490 the day before injection. Six of the animals 
showed slight reduction in leukocytes and 4 showed a slight increase 
twenty-four hours after injection; the total reduction in leukocytes was 
only 9%. The total average reduction of leukocytes in forty-eight 
hours after injection was also slight (11%). It is thus evident that 
injections of material from the patients showing marked leukopenia 
caused a greater reduction in leukocytes (58%) twenty-four hours 
after injection than the material (9%) from patients showing little 
or no reduction. 

In table 2 is summarized the incidence of the occurrence of leuko- 
penia, leukocytosis, and no change in the leukocyte count of guinea- 
pigs following injections of material from patients with influenza 
(part 1), and in a control series with material from sources other than 
patients with influenza (part II). Injections of sputum, primary 
cultures from sputum, pure cultures of green-producing streptococci 
and hemolytic streptococci from patients with influenza were followed 
by the occurrence of leukopenia in a high percentage of the animals 
injected and to a lesser degree (33%) following injection of influenza 
bacilli. Moreover, injection of filtrates from sputum, lung emulsions, 
and broth cultures likewise was followed by a reduction in leukocytes 
in 65% of 26 animals injected. The total average of 99 animals in 
which leukocyte counts were made following injection of material 
from influenza which showed leukopenia was 57% ; leukocytosis, 12%, 
and no change in the leukocyte count, 29%. 

Sharp reductions in leukocyte counts were noted also following 
injection of staphylococci from the lungs or sputum of patients with 
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‘influenza. This in some instances was as marked as following the 
injection of the green-producing streptococcus from the same case. 
Thus, 2 guinea-pigs were injected intraperitoneally with th'ese strains 
isolated from single colonies on a blood-agar plate inoculated with the 
peritoneal fluid of a guinea-pig that died from injection of sputum. 
. The one injected with Staphylococcus aureus showed 9,200 leukocytes 
before injection; twenty-four hours after injection, 3,200; and forty- 


. 


TABLE 2 


Tue Leuxocytic Reaction 1n GuINEA-Pics INOCULATED wiTH MATERIAL FROM PATIENTS 
witH INFLUENZA AND FROM OTHER SOURCES 


I. Material from Patients with Influenza 


Percentage of Animals 
Brn Place of Showing 
Injection Injection Animals }- 
~ Leuko- | Leuko- No 
penia eytosis | Change 
SDUPUTI eae estes cst sc meas: eeeres Trachea 5 80 0 20 
SUL nee mace alae oot wwii oe sees | Peritoneal 5 40 20 40 
cavity 
Primary culture of sputum.............. | Trachea 9 78 11 11 
Green-producing streptococci............ Trachea 41 46 17 34 
Green-producing sterptococcei............ Peritoneal 4 75 0 25 
cavity 
Hemolytic streptococc)............06-005 Trachea 6 83 17 0 
Influenza) Dacilli.: t. toasass veleinas sales’ ee» Trachea 3 33 0 67 
Filtrates from lung emulsions and 
PLOLMCUIEURES 1. ealaioarcien deitelsssisiateee Trachea 26 65 7 27 
MOt alist eancesneenssecasiccsiaers||. © ee eciee 99 57 12 29 
II. Material from Sourees Other Than Patients with Infiuenza 
Hemolytic streptococci from a patient 
with simple nasopharyngitis and | - 
NEURO CV LOSISh em te cice siotviersetsiatersse ciecsies Trachea 38 0 67 33 
Sputum and cultures of green strepto- 
cocci from a patient with simple 
tracheitis, ‘nasopharyngitis and | 
MONK OGVEOSISerteaaatte ae eicitestere sas Trachea G 29 57 | 14 
Type pneumococci from patients with : | 
lobar pneumonia................-.+- Trachea 9 TEP | 22 88 
LOLs CCOMULOIM) waerartas cs artiateierefalaibia stele laiets Trachea 6 16 | 17 | 67 
TO taleerer messi ceases as csaeetalie Passives aes 25 16 | 36 48 
| 


eight hours after injection, 6,000. It died of peritonitis and pancreatitis 
with moderate emphysema of the lungs, and a few small, localized 
hemorrhages, with a leukocyte count of 3,240, and large numbers of 
hemolytic staphylococci in the blood and peritoneal fluid. The one 
injected with the green-producing streptococcus showed 6,000 leuko- 
cytes before injection; twenty-four hours after injection, 4,800, and 
forty-eight hours after injection, 3,600. This animal also died in three 


32 E. C. RosENow 


days with serofibrinous peritonitis, beginning pericarditis, acute pan-~ 
creatitis, and moderate emphysema of the lungs, showing a few small 
circumscribed hemorrhages and large numbers of green-producing 
streptococci in pure culture in the blood, together with a moderate 
number of staphylococcus aureus in the pericardial and peritoneal fluid. 
The blood-agar plate of the material injected in each of these animals . 
showed pure cultures of staphylococci and green-producing strepto- 
cocci, respectively. ? 

The percentages following injection of material from sources other 
than influenza patients are quite different. In this group the first case 
was that of a patient with a severe attack of nasopharyngitis and 
sinusitis, in which the throat was extremely red and the tonsils absent, 
and in which much mucopurulent material, at first tinged with blood, 
came from the nose and throat. The attack began with marked chilli- 
ness, but no distinct chill, and was followed by fever for a number of 
days and a leukocytosis of 14,000 on the first day. The patient 
recovered without developing symptoms of infection of the trachea or 
bronchi. The hemolytic streptococcus in the second culture genera- 
tion isolated from the throat produced, on intratracheal injection, 
leukocytosis in 67% of-the animals. The patient, it should be noted, 
developed no symptoms suggesting infection of the trachea or bronchi 
and the streptococcus caused no deaths on intratracheal application. 
This finding is in sharp contrast with the results of injection of the 
hemolytic streptococci from influenza in which! leukopenia occurred in 
83% and leukocytosis in only 17% of the animals injected, and in 
which death from hemorrhagic edema, hemorrhagic pleuritis, or bron- 
chopneumonia occurred in a high percentage of animals injected 
(figure 1). 

The results in the second case are also in sharp contrast to those 
obtained with material from patients with influenza. In this case the 
patient awoke in the morning with marked soreness in the upper part 
of the chest and a painful cough by which thick, mucopurulent material 
was raised. The day following, the cough and soreness in the chest 
continued and typical symptoms and signs of a nasopharyngitis had 
developed, with sneezing and abundant mucous discharge associated 
with redness of the mucous membranes of the nose and throat. There 
was little general aching, slight fever, and a leukocytosis of 13,500 on 
the second day. Recovery was practically complete on the fourth day. 
Intratracheal injections of the sputum and cultures of the green- 
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producing streptococcus in the primary culture from the nasopharynx, 
and the same organism in the third culture generation isolated from 
the sputum on the second day was followed by leukocytosis in 57% 
of the animals. There was leukopenia in 29% and no change in leuko- 
cytes in 14%. None of the animals died of acute*hemorrhagic pul- 
monary edema or hemorrhagic pleuritis. Three developed mucopuru- 
lent discharge from the nose in which the streptococcus injected was 
present in large numbers. 

The intratracheal application of type pneumococci isolated origi- 
nally from lobar pneumonia and proved virulent on intraperitoneal 
injection just prior to intratracheal injection was followed by leuko- 
cytosis in 22%, leukopenia in 11%, and no change in the leukocyte 
count in 67% of the animals injected. The relatively few instances 
of leukopenia following injection of the cultures from sources other 
than influenza usually occurred in animals that succumbed from over- 
whelming infection. Most of the intratracheal injections consisted of 
broth cultures of the different bacteria. Control injections of broth 
in the same dosage were followed by temporary leukopenia in 16%, 
leukocytosis in 17%, and no change in 67% of the animals injected. 
In the experiments in which filtrates of the cultures were injected 
the broth and culture filtrates were of the same batch. The occurrence 
of leukopenia in 65% of the animals injected with filtrates in contrast 
to 16% of those injected with broth represents roughly the “leuko- 
toxin” formed by the growth of the streptococci in the broth. Filtrates 
of pneumonic lungs also possessed this power to a marked degree. In 
most instances 0.2% glucose-broth cultures and filtrates of cultures in 
this medium were injected. The broth cultures usually developed an 
acidity to phenolphthalein of from 1.5 to 2.5%. A series of experi- 
ments was made in which parallel intratracheal injections of 0.5 cc 
for each 100 gm. of body weight of cultures of acid reaction were 
given, and the same cultures injected after neutralization with sodium 
hydroxid. There was no noteworthy difference in the two sets of 
animals, in the leukocytic reaction, in the immediate respiratory symp- 
toms, or in the late results from infection. Moreover, the “leukotoxin” 
or the property in broth culture filtrates which causes leukopenia and 
the symptoms of anaphylactic shock is not destroyed by heating to 
60 C. for thirty minutes. (See experiments with filtrates. ) 
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The degree of leukopenia following intratracheal injection of these 
cultures was found to be roughly proportional to the severity of 
respiratory embarrassment in the animals. In the case of extremely 
toxic cultures, a sharp reduction has been noted within a few hours 
after intratracheal application, and even after intranasal insufflation. 
In some instances the reduction in the leukocyte count did not occur 
for several days and then with the occurrence of death, with volumi- 
nous hemorrhagic and edematous lungs showing few leukocytes in the 
alveolar exudate, due to streptococci, a sharp drop in leukocytes was 
sometimes noted. On the other hand, in the animals that died late 
and that showed leukocytosis, the lungs were not so voluminous, the 
areas of consolidation were more firm, less moist on the cut surface, 
peribronchial in location, and the alveolar exudate was rich in leuko- 
cytes. These animals also often showed purulent bronchitis and 
tracheitis. 

The leukopenia following direct inoculation of sputum was no 
greater and occurred no oftener than following injection of pure cul- 
tures of the streptococci. The latter were usually derived from single 
colonies and were in the first to the eleventh culture generation. The 
animals that succumbed following injection of sputum nearly always 
showed green-producing streptococci, and injection of pure cultures 
of these produced marked leukopenia often to a greater degree than 
those in the first animal passage. 

This finding indicates that the reduction in leukocytes following 
injection of the material from patients with influenza may not be due 
to an unknown virus, but to peculiar properties of the streptococci 
or other bacteria at hand in this disease. These streptococci have the 
power by growth in vitro and in vivo to produce a soluble filterable 
substance. The filtrates from broth cultures and from influenzal lungs 
and sputum when applied intratracheally in guinea-pigs have the 
power, among other properties, to cause sharp reduct’on in leukocytes. 
The reduction in leukocytes has occurred with regularity only in the 
animals injected with influenza strains and not following injection of 
streptococci in like dosage from similar conditions showing leukocy- 
tosis, or type pneumococci. The average degree of leukopenia in the 
animals was roughly proportional to that found in the patients from 
whom the strains were isolated, and the leukocyte curves in fatal 
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and nonfatal infections in the animais correspond roughly to those 
noted in the spontaneous disease in man. The conclusion seems 
warranted, therefore, that the leukopenia in influenzal infection in 
man may be due to peculiar properties. of the bacteria which are now 
generally regarded as secondary invaders and not to an unknown virus. 
Moreover, according to our findings, a persistent, marked leukopenia, 
or an increasing leukopenia in influenza predisposes to influenzal pneu- 
monia and in the latter indicates a bad prognosis. 
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INTRODUCTION 


It is my purpose to record in this paper the results obtained from 
the injection in various ways into animals of material obtained from 
patients with influenza and influenzal pneumonia and from sources 
other than influenza, to give the important facts in a series of cases of 
influenza in which the findings in the patients and the results from the 
injections of animals are correlated, to describe and illustrate the gross 
and microscopic changes that followed the injection of the bacteria 
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from influenza, and to compare these changes with those noted in 
influenzal infection as it occurred during the epidemic of 1918 to 1919. 

In a previous report *» *? it was pointed out that the streptococci 
from patients with influenza when injected intraperitoneally into mice 
and guinea-pigs possessed high virulency, that following these injec- 
tions, lesions of the lungs and pleura occurred frequently, and that the 
animals often showed respiratory embarrassment during life and 
voluminous, emphysematous, and sometimes hemorrhagic lungs after 
death (case 2607, guinea-pig 737; table 2). 

These findings in the experiments with streptococci suggested that 
the direct application of influenzal material to the normal, uninjured 
‘mucous membrane of the trachea and bronchi of animals might result 
in the production of lesions more marked than those following intra- 
peritoneal injection, and should this be-true, it might be possible to 
throw light on the mechanism of infection in this disease, and to com- 
pare the lesions obtained under controlled conditions of dosage and 
type of micro-organism in animals with those in man. The experi- 
ments on intraperitoneal injection and many clinical findings such as 
the relatively immobile, expanded thorax, the wheezing rales, the 
dyspnea, cyanosis, and leukopenia suggest strongly that influenza may 
be in part an anaphylactic reaction. The voluminous lung noted so 
commonly after death is another argument for this view. The guinea- 
pig, known to respond more like man than any other animal with 
respect to anaphylactic reactions, was selected as probably the most 
suitable in which to study the pulmonary and other lesions following 
the injection of influenzal material. 


TECHNIC OF INTRATRACHEAL INJECTION 


The technic of intratracheal injection should be such as to make it quite 
impossible to injure materially the lining of the trachea and bronchi. Dis- 
carded ureteral catheters cut at an angle of 45 degrees with margins rounded 
have been found to fulfill this requirement. The guinea-pig is wrapped in 
a towel; the head is held in place by the handles of an inverted artery forceps. 
The mouth is held open by spring wire retractors, and the tongue is depressed 
by a suitable small instrument. Under a strong reflected light, properly shaded, 
the catheter is inserted into the larynx with a quick stroke before the con- 
traction of the muscles of the epiglottis can divert the tube into the esophagus, 
The animal’s sharp, quick cough and total inability to use its voice, and the 
sensation of the catheter’s passing the tracheal rings, indicate that it has 
entered the trachea. The catheters are sterilized by boiling and in order to 
avoid the possibility of transmitting accidental infection from one guinea-pig 
to another, a separate, freshly sterilized catheter was used for each animal in 
this series. Care was exercised to use only healthy, vigorous, and active ani- 
mals from stock that was free from epidemic disease. At first the dose of 
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culture given was very small, and the results in consequence were too irregular 
to permit accurate analysis. Later the dose was increased; 0.1 cc of the 
sputum or exudate and 0.5 cc of the glucose-blood or brain-broth culture for 
each 100 gm. of body weight were used in the experiments reported unless it 
is otherwise indicated. The cultures for injection were incubated at from 
33-35 C. for from eighteen to twenty-four hours in tall columns of glucose-brain 
broth or glucose-blood broth. Control cultures of the material injected were 
always made on blood-agar plates. This was found necessary not only in order 
to prove the viability of the organisms injected, but also in order to determine the 
type that had grown in the particular culture. As has been pointed out hereto- 
fore,” the most.important organism found in the sputum in influenza was a gram- 
positive, often lanceolate diplostreptococcus which produces greenish colonies 
on blood-agar plates. The colonies are larger, flatter, and more moist than 
those of Streptococcus viridans, often indistinguishable from pneumococcus 
colonies. In this report I shall designate this organism, including the strains 
that ferment inulin, as a “green-producing streptococcus” or “green strepto-- 
coccus” to distinguish it from Streptococcus viridans. 

Control experiments were first made to determine the harmlessness of intra- 
tracheal injection. of varying amounts of salt solution and sterile broth. All 
guinea-pigs injected with salt solution (1 with 6 cc; 3 with 3 cc, and 1 with 
2.5 cc) remained well. They showed a slight increase in respiration immedi- 
ately after injection. All were free from symptoms the following day and 
remained so. Fifteen guinea-pigs were injected with glucose broth, glucose- 
blood broth, or glucose-brain broth (4 with 3 cc; 3 with 2.5 cc, 7 with 1.5 cc, 
and 1 with 1 cc). They showed relatively slight respiratory disturbance 
immediately after injection. Some, especially those injected with meat infusion- 
peptone-glucose-blood broth, showed mild symptoms of anaphylaxis. They 
coughed, scratched the nose with their paws; and were irritable for a short 
time after injection. All were well the day after injection, and all but two 
remained well subsequently. The one which had been injected with 1.5 cc 
died thirteen days later from an old bronchopneumonia that showed Bacillus 
bronchisepticus. The other, which had been injected intratracheally with 3 cc 
glucose broth, died ten days later with bronchopneumonia and a moderate amount 
of bloody fluid in the pleural cavities. Cultures from the blood showed a few 
colonies of green-producing streptococci, and from the pleural fluid, staphylo- 
cocci and B. bronchisepticus. The culture in glucose-brain broth of the green- 
producing streptococci from the blood was injected intratracheally in 3 guinea- 
pigs. Two had slightly increased respirations for two days and then recovered. 
The other had no symptoms; it was chloroformed three days after injection and 
showed no lesions. None of the guinea-pigs showed leukopenia. The average 
leukocyte count before injection was 9,600, twenty-four hours after injection 
9,100, and forty-eight hours after injection, 12,200. 


INCIDENCE OF OCCURRENCE OF VoLUMINOUS LuNcs, HEMorRHAGIC EDEMA OF 
BRONCHOPNEUMONIA, AND PLEuRITIS FoLLow1nc INTRAPERITONEAL AND 
INTRATRACHEAL INJECTION oF SpuTUM, LUNG AND OTHER 
EXUDATES, AND CULTURES FROM PATIENTS WITH 
INFLUENZA-IN RELATION TO MortTAaLity 

The more marked effects of intratracheal injection over intraperi- 
toneal injection of material from patients with influenza became 
apparent at once. The symptoms of respiratory embarrassment were 
more pronounced and the lungs more voluminous. In table 1 the 
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average volume and weight of the lung of a series of guinea-pigs 
injected intratracheally, and of normal guinea-pigs are given (fig. 1). 
The volume of the lungs in cubic centimeters, as measured by dis- 
placement of water for normal guinea-pigs weighing about 350 gm., 
and killed with chloroform, was 6.5 cc, or approximately one-fiftieth 
or 2% of the weight of the animals-expressed in grams. The average 
volume of the lungs of guinea-pigs that had died from causes other than 
pneumonia was found to be about normal. The average weight of the 
lungs was found to be 3.3 gm., or about 1% of the body weight. It is 
evident from table 1 that the more toxic or virulent the culture, the 
more severe the reaction in the lung, and the earlier the death occurred 
following intratracheal injection, the greater was the volume and weight 
of the lung. Thus the volume and weight were approximately three 
and four times the hormal in the guinea-pigs dying in two and one- 
half hours and two days after injection, respectively, and in those 
that died in three days the average volume of the lung was less than 
twice that and the weight about two and one-half times that of the 


average normal. 
TABLE 1 


RESULTS OF INTRATRACHEAL INSUFFLATION OF CULTURES FROM INFLUENZA AS SHOWN BY 
VoLUME AND WEIGHT. oF LUNGS 


| | 

| Average Average | Average 

| Weight of Volume of Weight of 

| Animals, Lungs, Lungs, 

Gm. | Co Gm. 
Guinea-pigs living an average* of 2.5 hours........ 410 19 13 
Guinea-pigs living an average of 2 days........... 890 17 14 
Guinea-pigs living an average of 3 days........... 340 | 10 8 
Normal] guinea-pigs (controls)............+..+++++- 350 6.5 | SS 


* The averages of 6 guinea-pigs in each series are given. 


The increase in lung volume was about the same following the 
injection of sputum, primary culture of sputum, pure cultures of freshly 
isolated strains of green-producing streptococci, hemolytic streptococci 
and staphylocccci (usually in the second or third generation). The 
average volume of the lung of a large number of guinea-pigs after 
intratracheal iniection of influenzal material was 15 cc, and after intra- 
peritoneal injection 10 cc; after injection of type pneumococci it was 
10 cc and 7 cc, respectively. 

From table 2 may be obtained a general picture of the differences 
in the results obtained in the mortality and incidence of lesions of the 
lungs in guinea-pigs injected intratracheally and intraperitoneally with 
material from patients with influenza, with cultures from normal 
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throats during the epidemic and after it had subsided, with type pneu- 
mococci, and with sputum and cultures from patients with simple 
nasopharyngitis and tracheitis. The total average mortality following 
injection of material from 111 cases of influenza in 192 animals was 


TABLE 2 


MorrTaLtity AND INCIDENCE OF LESIONS OF THE LuNGs IN GuINEA-Pics INJECTED WITH 
MATERIAL FROM INFLUENZA} WITH CULTURES FROM NorMAL THROATS DuRING AND 
AFTER THE EPIDEMIC; WITH TyPE PNEUMOCOCCI AND WITH SPUTUM AND 
CuLTURES FROM PATIENTS WITH SIMPLE NASOPHARYNGITIS AND 


TRACHEITIS 
Number of Percentage 
Animals Per- Showing 
eent- |———————_- 
Material Place of Num- |—————————_-|_ age Hemor-| Pleu- 
Injected Injection | ber of | of Volu- | rhagie| ritig 
Strains} In- | Recov- Mor- mi- | Edema 
jected | ered Died | tality | nous or 
Lungs | Pneu- 
| : monia 
Sputum ae ee Trachea....| 16 fea ete 12 70 64 | 62 | 654 
Peritoneum| 38 48° | 315 33 68 25 8} 34 
Primary culture.....| Trachea....| 17 Pale Wits aii 15 48 365 sl bb ar eed 
Peritoneum| 12 13 "i 6 46 22 22 Le 
Green-producing | | | 
streptococci......., Trachea....| 19 83 165 Ae a i3 54 26 
| Peritoneum; 12 Hed] sy 9°) 5658 17 42 
Hemolytic strepto- | | | | 
COCCI San mew Adecear | Trachea... .| 9 17 7 10 59 83 71 44 
| Peritoneum 4 6 v2 4 67 OF, 1s) 0 0 
| 
Staphylococci....... Trachea.... 6 it 5 6 5S 1) Wir) 48 43 
Total for influenza | | | 
CEEL CASES )acciet csc afeieses ish nen at 133 192 81 111 58 55 =| «8646 28 
Primary culture of | | 
throats of normal | | | 
persons during | 
epidemie of influ- | | 
CHAD craewice heaton Trachea.... 4 iz 4 tf 5 42 Lise LG 0 
Primary culture of | | | 
throats of normal | 
persons months | 
after epidemic | 
had disappeared. .| Trachea... . 15 15 12 3 20 0 26 0 
Type I, II, II, and | 
IV pneumococci | f 
from lobar pneu- | } 
WOll at n3.qse sae Trachea....| 14 20 ae 6 30 30 85% 35 
|Peritoneum| 14 i fy 18 100 6 0 28 
Sputum and cul-| 
tures from pa- 
tients with simple | 
nasopharyngitis : 
and tracheitis.....| Trachea.... 2 10 8 2 20 0 20 0 


* Lobar pneumonia. 


58%. The total average incidence of voluminous lungs was 55%; of 
hemorrhagic edema or bronchopneumonia, 46%, and of pleuritis, 28%. 
The killing power of the influenza strains was only slightly lower when 
they were applied to the normal mucous membrane of the trachea and 
bronchi than when they were injected intraperitoneally. The results 
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of control experiments with type pneumococci were quite different in 
this respect ; their killing power was 100% on intraperitoneal injection, 
whereas only 30% of the animals died following intratracheal injec- 
tions of the same dose. The average incidence and the degree of 
lesions of the lung and pleura were higher, as would be expected, fol- 
lowing intratracheal injection than following intraperitoneal injection. 

The property in these strains which caused symptoms resembling 
anaphylaxis, voluminous lungs with acute hemorrhagic edema of lungs 
and leukopenia, and the general virulency, tended to disappear promptly 
on artificial cultivation, especially if the organisms were cultivated 
under aerobic conditions. To illustrate: 

The volume of the lungs in 2 guinea-pigs was 20 and 12 cc, respec- 
tively (average 16 cc), following injection of the primary culture from 
the blood of a patient with influenza containing a pure culture of the 
green-producing streptococcus while that in 2 guinea-pigs injected with 
the same strain in glucose broth after one plating on blood agar was 
12 and 10 cc (average 11 cc), and the hemorrhage and edema of the 
lung were much less marked. Different strains differed markedly in 
the loss of this power, depending to some extent on the method of 
cultivation. Aerobic cultivation on blood agar destroyed these peculiar 
properties rapidly, while by rapid transfers of glucose-brain broth from 
tube to tube they might be retained for many generations. The typical 
picture has followed injection of strains in the eleventh’ culture gen- 
eration. The tendency of some of the strains to localize and produce 
a certain type of lesion was striking, often corresponding to the type 
of lesions found in the patient. Thus, in a case of death from hemor- 
rhagic edema of the lung with pseudolobar pneumonia and hemorrhagic 
pleuritis (case 2800), the cultures from the throat in the first and 
second culture generation produced hemorrhagic edema of the lung 
and hemorrhagic pleuritis in two guinea-pigs injected into the trachea 
(g. pigs 947 and 956), and in one injected into the stomach (g. pig 948). 
The same strain injected about three months later when in the sixth 
subculture had lost much of its virulency, but it still localized in’ the 
same manner and produced bronchopneumonia with localized abscesses 
in the lung and adhesive pleuritis resulting in perforative peritonitis 
(g. pig 1311). 

Experiments with Lung and Other Exudates—During the course 
of the experiments the effects of injecting directly the lung exudates 
of patients and of lung emulsions, peritoneal, and pleural exudates 
from animals was also studied. Contrary to expectations, the symp- 
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toms and lesions following direct injection were less acute than those 
following injection of the cultures made from these exudates and 
following the injection of sputum and cultures of streptococci from 
the sputum and throat. The mortality following direct intratracheal 
injection of the exudates from 16 cases into 19 guinea-pigs was only 
42% as compared, for example, with a mortality of 70% following 
injection of sputum. The mortality in the 19 guinea-pigs was almost 
wholly due to injection of peritoneal and lung exudates in guinea-pigs 
dead from injection of sputum or cultures. Most of the animals that 
died showed ,bronchopneumonia, and only a few acute hemorrhagic 
edema. This relatively low mortality was not due to a lesser number 
of viable organisms injected because plate cultures often showed a 
larger number of living bacteria than were present in the sputum or 
cultures. Under the conditions of a more forced experiment, intra- 
peritoneal injection, the mortality in 11 guinea-pigs injected with 11 
strains was higher (64%). Moreover, the theory that these bacteria 
when soaked in blood or lung exudate tend to lose their bite, as it were, 
when applied to the normal pulmonary epithelium is further borne 
out by the fact that the virulency and incidence of acute hemorrhagic 
edema were higher following injection of cultures from the sputum 
and throat than of cultures from the blood. Thus, in one case (case 
2,800) the mortality following intratracheal injection of the throat 
and sputum strains was 64%, while following injection of the strain 
isolated from the blood it was 33%. 

Intratracheal Injections of Influenza Bacilli.— Recently isolated 
strains from the throats of 5 undoubted cases of influenza — 4 in the 
second, and 1 in the sixth culture generation — were injected intra- 
tracheally into 5 guinea-pigs. The dose was 0.5 cc for each 100 gm. 
body weight of a dense salt suspension from rich growths on chocolate 
blood agar. The amount of culture injected ranged from the growth 
of from 1-5 slants. In 3, leukocyte counts were made; 1 of these 
showed a drop from 12,000 before injection to 6,800 twenty-four 
houts after injection and 8,000 seventy-two hours after injection. 
The others showed no change in the leukocyte count. All the animals 
recovered. Besides slightly increased respiration immediately after 
injection there was no noticeable effect, and all the animals seemed 
quite well without increased respiration or rise in temperature 24 hours 
after injection. ‘The virulency of 2 of these strains was proved in a 
mouse. Injection of 0.4 cc of a mixture of 3 of the strains killed 
the mouse in 24 hours. The animal showed enormous subcutaneous 
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hemorrhages in the right groin adjacent to the point of the intraperi- 
toneal injection, and there were hyperemia of lungs and a number of 
subpleural hemorrhages, but no gross evidence of peritonitis. The 
cultures from blood and peritoneal fluid on chocolate and blood-agar 
plates yielded countless numbers of influenza bacilli. In connection 
with these experiments with pure cultures of influenza bacilli should 
be considered the fact that intraperitoneal injections of sputum into 
mice and intraperitoneal and intratracheal injections into guinea-pigs 
were never followed by invasion by influenza: bacilli as determined by 
cultures, direct examination of smears, and microscopic examination of 


TABLE 3 


PREDOMINATING ORGANISM IN SpuTUM AND Primary CuLTuRES FROM SputuM INJECTED IN 
ANIMALS AND Founp 1n THE ANIMALS THAT DIED 


Incidence of Predominating Organism in 


Material Injected Animals That Died 
Material Place of Green- | Hemo-} | Ani- | Green- | Hemo-| 
Injected Injection produc-| lytic Staph-| mals \Produc-, lytic | Staph- 
Strains| ing Strep-| ylo- Cult- ing Strep-| ylo- 
Strep- |tococci,| cocci, | ured | Strep- tococci,| cocci, 
tococci, per | per tococci,| per per 
per | Cent. | Cent. | per | Cent. | Cent. 
Cent. | | | Cent. | 
Sputum Trachea or 64 Sie al 20) 9 29 | 81 | 4 15 
peritoneum 
| of guinea-pigs | | 
Primary culture | Trachea or 29 59 24 17 22 "80, | ee 4) 8 
from sputum peritoneum | 
of guinea-pigs | 
Sputum Peritoneum 19 69 21 10 17 82 12 | 6 
of mice | | 
Motalsne.teee.-aee Rea ie cael: 102 68.) 20). || 232 68 TSn EAP ite 118 


sections stained for influenza bacilli as recommended by MacCallum.*’ 
In some of the sputums thus injected large numbers of influenza bacilli 
were demonstrated in smears and by cultures before injection. Thus 
in the lung of the guinea-pig shown in figures 5, 10 and 11 the sputum 
injected contained large numbers of influenza bacilli, but they were 
absent in the peritoneal exudate, blood and lung tissue. The invasive 
power of freshly isolated influenza bacilli (virulent to mice on intra- 
peritoneal injection) and of those in the sputum itself when applied 
to the tracheal mucous membrane in guinea-pigs was found to be slight 
as compared with the invasive power of the streptococci. It is possible 
that tracheal injection of adapted strains or those whose virulency is 
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enhanced by animal passage through intraperitoneal injection might 
acquire the power to invade the lung and produce bronchopneumonia 
and possibly hemorrhagic edema of the lungs. 


The Comparative Invasive Power of the Bacteria from Patients 
with Influenza.— The high invasive power of the green-producing 
streptococcus became apparent early in the work. We have determined 
which of the different bacteria occurred in predominating number in 
the sputums injected into guinea-pigs and mice and in the primary 
cultures from sputum injected into guinea-pigs, and also in exudates 
and blood of the animals that died as a result of the injections. In 
table 3 is given the percentage of incidence of the predominating 
organisms. It will be noted that the green-producing streptococcus 
was the predominating organism in the material injected in each group 
of experiments and, what is more significant, it was the predominating 
organism in a higher percentage of the animals after death, whereas 
the reverse was true of hemolytic streptococci and staphylococci. The 
relative importance of these three organisms in influenza might be 
said to be indicated roughly by the figures in the last line of table 3. 


Protocols oF Experiments FoLtLtowinG INJECTION OF 
MATERIAL FROM INFLUENZA 


Guinea-pig 846, weighing 420 gm., was injected intraperitoneally Dec. 28, 1918, 
with 2.5 cc of glucose-broth culture of the green-producing streptococcus from 
the blood of G. pig 828, which had been injected with the sputum from case 
2,749. December 29 the animal was found dead. Marked hemorrhagic sero- 
fibrinous peritonitis, moderate distention and congestion of the lungs (11 cc), 
a large number of large and small subpleural hemorrhages, and beginning 
pleuritis were found. The pleura contained 3 cc of turbid, blood-tinged, 
chocolate-colored fluid. A moderate amount of bloody, frothy fluid escaped 
from the cut surface of the lungs. The uterus contained several hemorrhagic 
areas marking placental attachment. The cultures from the blood, pleural fluid, 
peritoneal fluid, and placental site showed many green-producing streptococci. 

Guinea-pig 981, weighing 470 gm., was injected Jan. 16, 1919, intratracheally 
with 1.5 cc of the glucose-broth culture of the green-producing streptococcus 
in the second culture generation isolated from the blood in case 2,800. The 
white blood count before injection was 8,000; the temperature 102.2 F. Janu- 
ary 17 the animal appeared less active than normal and the respirations were 
slightly increased. The leukocyte count was 2,000 and the temperature 103.2 
January 18 the animal was more active, but the respirations were still slightly 
increased. The leukocyte count was 6,200, the temperature 102.8. January 19 
the animal appeared quite well. The respirations were normal, the leukocyte 
count was 12,200, and the temperature 102.4. The animal made a complete 
recovery; when it was chloroformed January 24 it showed no lesions. The 
cultures from the blood and lung remained sterile. 

Guinea-pig 995, weighing 470 gm., had injected into the trachea, Jan. 18, 1919, 
1.5 cc of the glucose-broth culture of the green-producing streptococcus in 
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the second culture generation isolated from the blood of case 2,800. The 
white biood count before injection was 9,200, the temperature 102.4. There 
were moderate symptoms of dyspnea immediately following injection. Janu- 
ary 19 the animal appeared quite well but the respirations were definitely 
increased. The leukocyte count was 6,200, the temperature 103. January 20 
the respirations were slightly increased, the leukocyte count was 14,400, the 
temperature 103. January 25 the animal appeared well. February 24 at 7:30 
a. m. the animal appeared ill. The respirations were markedly increased and 
difficult. The animal when taken from the cage and placed on a table had a 
typical attack resembling anaphylactic shock with bronchial spasm. At noon 
the respirations were exceedingly rapid and the animal appeared to be very 
sick; at 4 p. m. it was found dead. The white blood count was 12,800. 
There was a large amount of bloody, turbid fluid in both pleural cavities; the 
right contained a moderate amount of adherent, partially organizing fibrin. 
The lungs were collapsed and the intermediate lobe was completely consoli- 
dated, grayish-red, and covered with a film of fibrin. There were several thick- 
ened areas in the mucous membrane of the uterus indicating a resorption of 
fetuses. The ovaries were normal. The heart muscle was grayish-red. Cul- 
tures from the blood and pleura showed green-producing streptococci. 

Guinea-pig 1335, weighing 420 gm., was injected intratracheally, May 15, 1919, 
at 9:50 a. m. with 1.5 cc of glucose-acacia-broth culture of staphylococcus 
in the sixth subculture from case 2,623. At 10:15 a. m. respirations were 
rapid, difficult and irregular. There were repeated attacks bordering on 
bronchial spasm, expiration was forced and prolonged, and the animal was weak. 
At 10:30 a. m. the respirations were extremely difficult. The animal coughed 
violently at intervals making desperate efforts with each expiration, and dur- 
ing one of these violent efforts it ran about aimlessly with blood spurting from 
its nose and mouth; it fell on its side and died with its head in a pool of 
frothy blood. The lung was found greatly distended (20 cc) and hemorrhagic 
and edematous throughout. Sections showed marked distention of alveoli and 
destruction of the epithelium lining the alveoli and of the endothelium of the 
capillaries. In areas dissolution was so marked as to make it quite impos- 
sible to distinguish the alveolar boundaries. 

Guinea-pig 956, weighing 280 gm., was injected intratracheally, Jan. 13, 1919, 
with 1.5 cc of glucose-brain-broth culture of the green-producing strepto- 
coccus from a single colony on a blood-agar plate inoculated with the swab 
from case 2,800. January 14 the animal was very ill; respirations were rapid 
and difficult. The fur was rough and the animal was restless and irritable. 
It died at noon. The lungs were markedly distended (15 cc). Both dia- 
phragmatic lobes were dark and mottled. The cut surfaces everywhere were 
extremely moist and a large amount of bloody, frothy fluid exuded. The other 
lobes showed smaller areas of hemorrhagic edema. The alveoli were extremely 
distended, in places almost to the point of rupturing. The peribronchial glands 
were edematous. The trachea and bronchi were extremely hyperemic and 
contained a large amount of bloody, frothy fluid. There was a moderate amount 
of slightly turbid, blood-tinged fluid in the pleural and pericardial sacs. The 
mucous membrane of the nose was hyperemic. The suprarenals were swollen 
and there was cloudy swelling of the kidneys. The mucous membrane of the 
uterus was markedly hyperemic throughout and showed three hemorrhagic 
areas marking placental attachments. The vagina contained a moderate amount 
of bloody mucus. Cultures from the blood showed one colony of green-pro- 
ducing streptococci; from the lung and hemorrhagic areas of the mucous 
membranes of the uterus, large numbers of green-producing streptococci; from 
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the spleen, kidney, liver, and suprarenals, no growth. In sections of the lung 
were noted marked dilatation of alveoli, marked desquamation of the epi- 
thelial lining of bronchi, and marked edema and hemorrhage in the alveoli 
with little cellular infiltration (fig. 13b). The Gram stain showed enormous 
numbers of streptococci distributed particularly along the alveolar walls 
(fig. 14c). 

Guinea-pig 947, weighing 400 gm., had injected into the trachea, Jan. 10, 1919, 
11 a. m, 1.5 cc glucose-brain-broth culture from the throat swab of case 
2,800. At 6 p. m. the respirations were rapid and shallow; the voice was 
weak and the animal appeared sick. January 13 at 7:30 a. m. the animal was 
found dead. There was a large amount of hemorrhagic, dark colored fluid 
in the pleural cavities, containing practically no fibrin. The pleura was rough 
and covered with a thin fibrinous film, and the lung was compressed by the 
hemorrhagic fluid in the pleural cavities. The right diaphragmatic and inter- 
mediate lobes were extremely wet and edematous on the cut surface. A large 
amount of bloody, frothy fluid escaped. Portions of the diaphragmatic lobe 
barely floated in water. The mucous membranes of the bronchi, trachea, and 
nose were extremely hyperemic and covered with a bloody, frothy fluid. The 
uterus contained four hemorrhagic areas marking placental attachments. A 
moderate amount of bloody mucus was found in the uterus and vagina... The 
stomach was distended with gas rich in carbon dioxid, and showed marked 
postmortem digestion of the mucous membrane. The cultures from the blood 
showed a small number of colonies of Staphylococcus aureus and hemolytic 
streptococci; from the lung, pléura, pericardial fluid, and uterus, large num- 
bers of hemolytic streptococci and staphylococci, and a few from the kidney, 
liver, and suprarenals. Sections of the lung showed extreme interstitial edema 
and hemorrhage with marked disintegration of the cells lining the alveoli. 
The gram stain showed enormous numbers of gram-positive diplococci in the 
pleura and subpleural spaces in the interstitial tissues and around the blood 
vessels (fig. 20a and b). 

Guinea-pig 948, weighing 300 gm., was injected intragastrically, Jan. 10, 1919, 
with 1.5 cc of the glucose-brain-broth culture from the throat of case 2,800. 
January 13 it appeared to be quite well. January 15 it appeared to be quite 
well, ‘but was less active and sat humped up. January 19 it sat humped up 
with ruffled fur, with a dry crust about the nostrils, markedly increased 
respirations, labored and forced expirations and dilated chest. It had lost 
40 gm. in weight. January 20 at 8 a. m. the breathing was rapid and diffi- 
cult and the animal very much weaker. At noon when it was found dead, 
it weighed 250 gm. The thorax was distended with a large amount of 
chocolate-colored fluid (15 cc); there were marked pleuritis with loose 
fibrinous adhesions throughout and a thin layer covering the pleura. The 
peribronchial lymph glands were much enlarged and edematous; the lungs 
were collapsed, but hemorrhagic, and showed areas of bronchopneumonia with 
white necrotic spots in the intermediate lobe. The pancreas was edematous, 
the spleen enlarged, and the myocardium gray. No lesions in the stomach or 
intestinal tract were demonstrable. Cultures from the blood showed green- 
producing streptococci; those from the pleural fluid, green-producing strepto- 
cocci and staphylococci. 

Guinea-pig 1311, weighing 320 gm., was injected intratracheally, March 25, 
1919, with 0.2 cc of the glucose-brain-broth culture from the throat swab from 
case 2,800 in the sixth subculture. March 26 and 28 the animal’s respiration 
was increased but otherwise it appeared well. April 15 it was found dead 
and showed three circumscribed areas of necrosis with softening in the left 
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diaphragmatic lobe. The pleura over each of these areas was bound down by 
organizing adhesions. One area over the diaphragmatic lobe showed localized 
hemorrhages and fibrinous deposit on the peritoneal side of the diaphragm, 
undoubtedly the source of the serofibrinous peritonitis. One area of con- 
solidation in the right cardiac lobe occupying’ one third of its volume showed 
recent diffuse consolidation. The white necrotic areas on the cut surface 
were wedge-shaped and resembled infarcts; the urinary bladder contained a 
number of circumscribed hemorrhages in the mucosa; but no other lesions 
were noteworthy. Cultures from the blood, lung, peritoneal and pleural fluids 
showed green-producing streptococci. 

Guinea-pig 1030, weighing 400 gm., was injected intratracheally, Jan. 22, 1919, 
with 1.5 cc of the lung emulsion from case 2835. The leukocyte count before 
injection was 10,200; twenty-four hours after injection it was 7,800, and the 
animal appeared quite well. February 3 the animal was chloroformed. It 
showed one large grayish-red area of consolidation posteriorly in the left dia- 
phragmatic lobe and one area of consolidation which was dark red and edema- 
tous, and a localized necrotic, wedge-shaped, adherent area over the right 
diaphragmatic lobe. * 

The experiments cited in detail are representative of a much larger 
series. Examples of mild effects, mild early effects and severe late 
effects and marked progressive symptoms from the time of injection 
are given following injection of pure cultures of the green-producing 
streptococcus in the first to the sixth subculture, staphylococcus in the 


sixth subculture, and of a lung emulsion. 


CONTROL EXPERIMENTS WITH CULTURES FROM THE THROATS OF 
NORMAL PERSONS DURING AND AFTER THE EPIDEMIC. 
THE DETECTION OF THE CARRIER STATE 


The occurrence of voluminous lung, hemorrhagic edema, and bron- 
chopneumonia associated with leukopenia following intratracheal injec- 
tion of the influenza strains was a striking picture. It was thought 
that intratracheal injection of primary mass cultures from throats of 
normal persons might detect carriers of the influenza streptococcus. 
Two sets of experiments were done, one on persons in an institution 
during the prevalence in the disease in epidemic proportions, the other 
four months later when influenza had entirely subsided. In the former 
set, 12 guinea-pigs were injected with cultures from 4 patients. Seven 
of the guinea-pigs recovered and 5 died, a mortality of 42% (table 2). 
In 2 cases the animal injections were without apparent effects ; in one, 
the 2 pigs injected died in three and four days, respectively, of broncho- 
pneumonia without leukopenia. The lungs were only slightly enlarged 
(average volume 10 cc), and quite dry on the cut surface; the exudate 
was highly cellular. After death green-producing streptococci, or pneu- 
mococci, and staphylococci were isolated from the lung in large num- 
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bers. The streptococci were not agglutinated by the monovalent serum. 
The results in the fourth case were in sharp contrast. The 3 guinea- 
pigs and 1 mouse which were injected died. One pig and the mouse 
were injected subcutaneously, the other animals intratracheally. The 
3 guinea-pigs showed a sharp drop in leukocytes. Death in all was 
due to green-producing streptococci (which were agglutinated by the 
monovalent serum) and staphylococci. The average leukocyte count 
before injection was 14,000, while twenty-four hours after injection it 
was 4,260, a loss of 64%. The two animals injected intratracheally 
showed voluminous hemorrhagic lungs. 

Guinea-pig 1004, weighing 350 gm., was injected intratracheally — 
Jan. 19, 1919, with 1.5 cc of the glucose broth culture from the throat 
of a normal person who had been exposed to influenza (case 2839). 
The leukocyte count was 13,000. January 20 the leukocyte count was 
4,200, and there was marked shortness of breath and difficult breathing. 
january 21 at 4 p. m. the animal was found dead, with its head lying 
in a pool of hemorrhagic fluid. The white blood count was 2,600. The 
lung was distended, very heavy (14 cc and 12 gm.) and almost com- 
pletely filled with a frothy hemorrhagic fluid. There was little evi- 
dence of consolidation. The peribronchial lymph' glands were hemor- 
rhagic and edematous. A thin fibrinous film covered the posterior 
aspect of the lung. Cultures from the blood, lung, suprarenals, and 
liver showed staphylococci and green-producing’ streptococci; those 
from the kidney and spleen were negative. 

The experiments with cultures from normal persons months after 
the epidemic had subsided consisted of the intratracheal injection of 
15 guinea-pigs with cultures from the throats of 15 persons. Of these 
animals, 12 recovered without developing noteworthy symptoms and 3 
(20%) died (table 2). None of these animals showed the violent 
respiratory embarrassment noted in the animals following injection 
of the influenza strains. The lung picture after death was quite differ- 
ent than that following injection of the influenza strains. The animals 
died in one, two and five days, respectively, of green-producing strep- 
tococci or pneumococci in the two former, and of Bacillus mucosus in 
the third. The lungs averaged 8.5 cc in volume. The hemorrhages 
and consolidation were situated immediately around the bronchi and 
the consolidated areas were relatively dry on the cut surface, and 
the exudate highly cellular in character, as noted in the following 
experiment : 
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Guinea-pig 1364, weighing 280 gm., was injected intratracheally 
July 24, 1919, with 1.5 cc of the glucose brain-broth culture from the 
throat of a normal person (case 3515). July 25 the respirations were 
decidedly increased. At 4:30 p. m. it was found dead. The thorax 
was not distended. The pleural cavities were free from fluid; the 
lungs were only slightly distended (9 cc). There were areas in the 
diaphragmatic lobes of hemorrhage and beginning infiltration. The 
cultures from the blood were negative; cultures from the lung showed 
green-producing streptococci. 


CONTROL EXPERIMENTS WITH CULTURES FROM THROATS AND SPUTUM 
OF PATIENTS WITH SIMPLE NASOPHARYNGITIS AND TRACHE- 
ITIS AND WITH CULTURES FROM THE NOSE 
“GF NORMAL GUINEA-PIGS 


In some cases there was a marked parallelism between the findings 
in the patient and in the animals injected (case 2798). Hence it was 
thought worth while to inject the sputum and cultures from patients 
with simple nasopharyngitis and tracheitis long after the epidemic had 
subsided and compare the results with those obtained following injec- 
- tion of the strains from influenza. The results are summarized in 
table 2. Thus, of 10 animals injected from cultures from 2 cases, 
2 died (20%), both of bronchopneumonia. None showed marked 
respiratory embarrassment resembling anaphylaxis, and none died of 
hemorrhagic edema. Both of the patients showed leukocytosis, and 
leukocytosis was the rule in the animals injected. 

In order still further to control the results of the experiments on 
intratracheal injections and to make sure that the bacteria of the upper 
respiratory. tract might not be carried into the lung with the catheter, 
a series of guinea-pigs were injected with the cultures from freshly 
isolated strains of the green-producing streptococci normally present 
in the nose in some guinea-pigs. 

The strains isolated from the nose of 2 guinea-pigs were each 
injected in the usual dose into the trachea of 2 guinea-pigs. The leuko- 
cyte count from the guinea-pig in- which the culture was made was 
normal and remained so following injection of sterile broth. The 4 
guinea-pigs injected were well the day after injection and remained 
so for a month thereafter. None of the animals showed ieukopenia. 
All showed a slight rise in leukocyte count the day after injection, and 
only one a moderate reduction forty-eight hours after injection. The 
average leukocyte count before injection was 12,550, twenty-four hours 
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after injection, 14,750, and forty-eight hours after injection, 10,200. 
It is thus apparent that the chance of carrying infection from the upper 
respiratory tract through the trachea is extremely slight, not even 
occurring when large doses of the normal flora of the upper respiratory 
tract are introduced. 


CONTROL EXPERIMENTS WITH TYPE PNEUMOCOCCI FROM 
LOBAR PNEUMONIA 


In order that a correct standard for comparison might be had in 
evaluating the results of the experiments in influenza, it was considered 
necessary not only to inject animals with type pneumococci, but also 
with strains having at least the same killing power, when injected 
intraperitoneally, dose for dose, as had the strains from influenza. The 
virulency of the strains were first determined for mice. Twelve 
strains * of the various types were injected intraperitoneally into 13 
mice, the dose ranging from 0.8 to 1.0 cc of glucose-blood or glucose 
brain-broth culture. All died of peritonitis. The blood and peritoneal 
fluid in all showed large numbers of pneumococci, the latter often a 
few colonies of staphylococcus in addition. These 12 strains freshly 
isolated from the blood, and 2 other recently isolated strains, 14 in all, 
were then injected intraperitoneally and intratracheally into guinea- 
pigs. The doses in both were the same and varied from 0.3 to 3 cc of 
twenty-four-hour glucose brain broth cultures; the usual dose in these, 
as in the animals injected with the influenza strains, was 0.5 cc for each 
100 gm. of body weight. The weight of the guinea-pigs ranged from 
320 to 400 gm., the average being 330 gm. Intraperitoneal injections 
were made in 18 guinea-pigs with the 14 different strains of type 
pneumococci, 6 with 6 strains of type 1; 5 with 3 strains of type II; 
6 with 4 strains of type III, and 1 with 1 strain of group IV. Eleven of 
the animals died on the first day and 7 on the second day after injec- 
tion, a mortality of 100% (table 2). The blood and peritoneal exudate 
showed large or countless numbers of pneumococcus colonies in all 
these animals. The peritoneal exudate in most instances and the blood 
in some instances yielded in addition a small and variable number of 
staphylococcus colonies. The volume of the lungs ranged from 4 to 9 
cc, averaging 7 cc. Noteworthy lesions in the lungs were absent in all. 
A few showed small hemorrhages. A beginning pleuritis was noted in 5. 


* For the strains of pneumococci used in these experiments I am indebted to 
Dr. Rufus J. Cole of the Hospital of the Rockefeller Institute for Medical 
Research and Dr. Augustus Wadsworth of the New York State Board of Health, 
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Successful intratracheal injections were as follows: 7 guinea-pigs 
with 5 strains of type 1; 4 with 3 strains of type II; 5 with 4 strains 
of type III, and 4 with 2 strains of group IV pneumococcus, a total of 
14 strains and 20 animals (table 2). Respiratory embarrassment 
immediately after injection and the following day was relatively slight 
as compared with animals injected with the influenza strains. In 7 
of those that recovered no noticeable increase in respiratory rate or 
illness could be detected the day after injection. Five of the others 
showed increased respiration and rise in temperature for a day or 
two, and then recovered. Two showed marked increased respiration 
for 4 days and when improving, on the fifth and sixth day, respectively, 
were chloroformed. The findings in the former are illustrated in the 
experiment in guinea-pig 1,450. The other showed a resolving pneu- 
monia with a few pneumococci in the blood and lung exudate. The 
6 animals that died (one each injected with types I, II and III, and 
3 of group IY pneumococci) showed with one exception progressive 
increase in respiration rate until death. The one that did not, died 
eight days later with a resolving pneumonia. The respirations in the 3 
that died within five days after injection were extremely rapid, the 
nostrils remained free from exudate, there was no bleeding from the 
nose, the animals were quiet, and the breathing was generally free and 
easy. The picture was thus in sharp contrast to that noted in guinea- 
pigs that died following intratracheal injection ‘of the highly virulent 
influenza strains. The tendency to the production of leukopenia fol-’ 
lowing injection of type pneumococci even in fatal infection was far 
less than that following injection of the influenza strains, occurring 
respectively in 11 and 57% of the animals injected. The lungs were 
moderately distended, but smaller than those observed following the 
injection of influenza strains. The consolidation usually involved 
whole lobes or was sharply outlined (fig. 4). The pleura overlying 
the consolidated area was opaque and rough, the consolidated areas, 
even in the stage of red hepatization, were less edematous than in the 
influenzal lungs, and the areas showing gray hepatization were uni- 
formly dry and granular. Extensive gray hepatization was noted as 
early as forty-eight hours after injection. Sections in the early stages 
showed many red cells and moderate leukocyte infiltration in the alveoli. 
Later diffuse alveolar infiltration with leukocytes and fibrin occurred 
with a few red blood corpuscles and little edema. The bronchial and 
alveolar epithelium showed comparatively little damage (figs. 18a and 
19b). The pneumococci were found diffusely distributed in large 
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INFLUENZA AND PNEUMONIA 


numbers throughout the exudate and showed little tendency toward 
peripheral aggregation along the alveolar lining, and the perivascular 
and subpleural spaces (fig. 18b). There was no distinct difference in 
the exudate in animals injected with the different type strains. The 
findings in two experiments will suffice to illustrate: 


Guinea-pig 1031, weighing 400 gm., was injected intratracheally, Jan. 22, 1919, 
with 1.5 cc of glucose-broth cultures of pneumococcus group IV after one 
(intraperitoneal) animal passage. The temperature before injection was 102.4 
F., and the white blood count was 13,200. The following day the animal 
appeared quite well. The temperature was 99.6 and the white blood count was 
18,600. January 24 the animal was found dead. The white blood count was 
17,500. Most of the right lung was consolidated, uniformly grayish-red, firm 
in consistency, and quite dry on the cut surface. A number of smaller areas 
of consolidation were found in the left lung. The cut surface everywhere 
was fairly dry and nowhere could edematous fluid be made to drip from it. 
Emphysema was moderate. The total volume of the lungs was 10 cc. The 
cultures from the blood and lungs showed large numbers of green-producing 
pneumococci. 

Guinea-pig 1448, weighing 380 gm., was injected intratracheally, Oct. 21, 1918, 
with 1.5 cc of glucose-blood-broth culture of pneumococcus type II (Strain 
3625). October 22 the respirations were extremely rapid and the animal sat 
quietly. October 23 it was dead. A moderate amount of slightly turbid fluid 
was found in both pleural cavities. The lungs were moderately distended 
(14 cc) and weighed 10 gm. The right diaphragmatic lobe was quite uniformly 
gray and completely consolidated; it was dry and granular on the cut surface. 
A number of smaller areas of hemorrhage with decided consolidation were 
found chiefly around the bronchi in the left diaphragmatic and right cardiac 
lobes. There were marked myocardial degeneration and cloudy swelling of 
the kidneys, but the uterus and other organs were normal. Cultures from the 
blood yielded many pneumococcus colonies. Sections of the lung showed 
moderate distention of alveoli, absence of necrosis of alveolar epithelium and 
capillaries, and marked, highly cellular leukocytic infiltration of the alveoli 
in which large numbers of diplococci were distributed throughout the exudate 
with little tendency of the bacteria to be distributed along the alveolar epi- 
thelial lining (figs. 18 and 19b). 


Prorocots oF CASES OF INFLUENZA AND INFLUENZAL PNEUMONIA AND ANIMAL 
EXPERIMENTS. SIMILARITY OF LOCALIZATION OF Micro-ORGANISMS 


Case 2607, a middle-aged woman developed pneumonia during an influenzal 
attack and died. The sputum obtained Nov. 21, 1918, was bloody; smears 
showed large numbers of gram-positive, lanceolate diplococci, gram-positive 
cocci, and small gram-negative bacilli of irregular size resembling influenza 
bacilli, and large numbers of gram-positive diplococci, at times in chains within 
epithelial cells. Blood-agar plates showed large numbers of colonies of green- 
producing streptococci and influenza bacilli. The sputum (0.3 cc) was injected 
intraperitoneally November 21, into Guinea-pig 737. November 22 at 8 a. m. 
the animal appeared to be ill, was irritable and short of breath. At noon it 
was worse. The respirations were greatly increased and it had repeated 
choking spells resembling anaphylactic shock. At 8 p.m. it was found dead, 
and was examined at once. A small amount of turbid fluid without fibrin was 
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found in the peritoneal and pleural cavities. The lungs were distended 
(13 cc), hyperemic and edematous, and showed numerous small hemorrhages 
and a number of large subpleural hemorrhages posteriorly in the left dia- 
phragmatic lobe (fig. 5). In cultures from the blood were a few green- 
producing streptococci; the hemorrhagic area in the lung and peritoneal fluid 
contained large numbers of green-producing streptococci in pure culture. No 
influenza bacilli were found in smears from the peritoneal fluid. Sections of 
the lung showed marked congestion of interalveolar capillaries, marked hem- 
orrhage in the alveoli, and desquamation and necrosis of the alveolar epi- 
thelial cells in varying degree. Many alveoli and terminal bronchi were 
greatly dilated; others appeared to be collapsed. The larger bronchi were 
constricted and their lumen contained numerous red blood corpuscles and 
desquamated alveolar epithelium; the mucous membrane lay in great folds. The 
hemorrhagic areas were usually situated around bronchi and beneath the pleura. 
In the latter position they were often triangular in shape with the base toward 
the pleura. At no place was there marked leukocytic infiltration (fig. 10). 
Prolonged study of sections stained by Gram-Weigert and by the combination 
of Goodpasture and Weigert stains recommended by MacCallum showed an 
interesting distribution of the bacteria. None were found within capillaries 
and larger blood vessels. A few were found in the areas of hemorrhage in 
the alveoli, but by far the largest number were found, as shown in figure 11, 
just outside the capillary in the interstitial tissue of the alveolar wall (a), 
along the alveolar lining beneath the desquamated epithelium (b), in the 
epithelial cells showing poorly stained nuclei, but still in place lining the 
alveoli showing hemorrhage (c), and in the degenerated, desquamating alveolar 
epithelial cells (d). 

The streptococcus from the peritoneal fluid in this guinea-pig in the third 
culture generation was injected intraperitoneally into another guinea-pig. It 
died in twenty-four hours with turbid hemorrhagic fluid in the peritoneal cavity 
and numerous hemorrhages in a large part of the secum, especially surrounding 
the lymph follicles, and hemorrhages in Peyer’s patches, but with no lesions 
of the lung. Intraperitoneal injections of the sputum in 3 other normal guinea- 
pigs was followed by the death of all in from three to ten days. The animal 
that died in 3 days was found to have emphysema, hemorrhages and edema of 
_ the lungs. The others showed no lesions of the lung. Two guinea-pigs injected 
two weeks previously with the sputum from other cases of influenza recovered. 

The points of particular interest in these experiments are the marked affinity 
of the streptococcus in the sputum for the epithelium of the alveoli of the 
lung (fig. 11), the noninvasive power of the influenza bacilli found in the 
sputum, the hemorrhages in the intestine in the second animal passage, and 
the acquired immunity in the two guinea-pigs previously injected with sputum 
from other cases of influenza. 

Case 2769, Miss M. J., aged 38, came for examination on account of chronic 
loseness of bowels and loss of weight and strength. Her condition was found 
to be due to pancreatic insufficiency. The patient contracted influenza Dec. 
16, 1918; developed symptoms and signs of bronchopneumonia December 22, 
and died December 28. The looseness of bowels was worse throughout the 
influenzal attack. At necropsy were found “a resolving ‘lobar’ pneumonia, 
seropurulent pleuritis (1,500 cc), of the right side, chronic parenchymatous 
and interstitial pancreatitis, and fatty degeneration of kidneys.” 

Cultures from the lung after death and pus from the right pleura showed 
many hemolytic streptococci and a few staphylococci. The primary culture 
in glucose broth from the lung was injected intratracheally into one guinea-pig 


. 


on 
or 


INFLUENZA AND PNEUMONIA 


and intraperitoneally into another. The guinea-pig (Guinea-pig 875) injected 
intratracheally died nineteen days after injection from hemorrhagic and purulent 
pleuritis, pericarditis and myocardial degeneration (fig. 7). The animal injected 
intraperitoneally died after twenty-four hours. It had diffuse peritonitis, extreme 
hyperemia of the large and small intestines, swollen lymph follicles throughout 
the intestinal tract, and numerous hemorrhages in the lower two thirds of the 
small intestine and in the cecum. The contents of the small intestine con- 
sisted chiefly of bloody mucus. The duodenum, stomach, and suprarenals were 
normal. The lungs were emphysematous (11 cc), and showed moderate edema 
and a number of small hemorrhages. The pleural cavity contained.a small 
amount of hemorrhagic fluid. Cultures from the blood, peritoneal fluid, and 
intestinal contents showed hemolytic streptococci and staphylococci. The 
pleural exudate (1 cc) was injected directly into the trachea of a guinea-pig. 
It aborted four days later and died with marked leukopenia, increased respira- 
tions, voluminous lungs (17 cc), marked hemorrhagic pleuritis, hemorrhagic 
bronchopneumonia and lesions in the psoas muscles. Large numbers of green- 
producing streptococci were isolated from the lung, pleural fluid, and uterus 
but none from the spleen, liver, suprarenals and cervix. The culture from 
the peritoneal exudate “was injected intravenously into a rabbit and one 
guinea-pig, and intratracheally into one guinea-pig. The rabbit died the day 
following injection with extreme distention of the abdomen due to a large 
amount of gas (rich in carbon dioxid) in the small intestines. The small 
and large intestines contained a large amount of mucus. The intestinal con- 
tents were liquid or semisolid throughout. The intestinal wall was opaque, 
but there were no hemorrhages. Six sharply circumscribed hemorrhages were 
found in the mucous membrane of the cardiac end of the stomach; in the 
medulla of the kidneys were a few embolic hemorrhagic areas. The myo- 
cardium was markedly degenerated. Cultures from the blood showed a large 
number of hemolytic streptococci and staphylococci. The guinea-pig injected 
intravenously died five days later. It showed two small areas of bronchopneu- 
monia, swollen Peyer’s patches and solitary lymph follicles, a large amount 
of mucus in the intestines, absence of food in the stomach, but a large amount 
of turbid mucus showing many gram-positive diplococci, edematous and hem- 
orrhagic mesenteric lymph glands, marked hyperemia of the uterus, turbid 
mucus in both uterine horns, numerous small hemorrhages in the mucous 
membrane of the uterus and cecum, and focal lesions in the medulla of the 
kidney. Cultures from the blood showed one colony; cultures from the pneu- 
monic areas, countless numbers, and from the mucus from the leit horn of 
the uterus, a moderate fumber of staphylococcus colonies. 

The guinea-pig injected intratracheally died six days later. It had voluminous 
lungs (15 cc), bronchopneumonia and edema of the right and left caudal lobes, 
hemorrhagic tracheobronchial lymph glands, purulent material in the nostrils, 
purulent bronchitis and tracheitis, a hemorrhagic fetus in the vagina and one 
still attached to the uterus; focal lesions in the medulla of the kidneys; and 
edematous mucous membranes of the pelvis of the kidneys. Cultures from 
the pneumonic lung and blood showed green-producing streptococci and 
staphylococci. 

The striking features in the animal experiments in this case was the ten- 
dency to produce, in addition to the characteristic lung lesions and pleuritis 
in the first animal passage, lesions of the intestinal tract and medulla of the 
kidney in the second animal passage. 
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Case 2770, Mr. S. M., aged 33, was admitted to the isolation hospital Dec. 
24, 1918, complaining of severe weakness, backache, aching all over, extreme 
nervousness and severe cough. These symptoms had begun two days previ- 
ously. The leukocyte count the day of admission was 3,800. The tempera- 
ture was 103 F., pulse 118, respirations 28. The patient grew progressively 
worse, the temperature ranging between 103 and 105. December 26 evidence 
of involvement of the lungs became apparent. Cyanosis and dyspnea increased 
as evidence of a rapid filling of the lungs appeared and the patient died 
December 28, forty-eight hours after the first signs of pneumonia had developed. 
Necropsy showed voluminous lungs, pseudolobar pneumonia associated with 
marked hemorrhagic edema involving all lobes, a large accumulation of bloody, 
turbid fluid in the left thorax (900 cc) and intense hemorrhagic bronchitis. 
In cultures made from the sputum December 26 were enormous numbers of 
green-producing streptococci and a few staphylococci; in the lung exudate and 
blood after death were many green-producing streptococci and staphylococci. 

The primary culture in glucose broth from the blood of this patient was 
injected into the trachea of 3 guinea-pigs in doses of 0.1 cc, 1 cc and 2.5 cc, 
respectively. The one receiving only 0.1 cc had moderately increased respira- 
tions for several hours, then appeared quite well for four days, when the respira- 
tions again became rapid and the animal died six days after injection with a 
moderate amount of hemorrhagic turbid fluid in the pleural cavity, moderate 
distention of the lung (12 cc) with almost complete consolidation of the left 
anterior and cardiac lobes. The cut surface of the consolidated areas was 
mottled grayish-red and edematous between the areas of denser consolida- 
tions and necrosis. Cultures from the blood showed green-producing strepto- 
cocci in pure culture; those from the lung and pleural fluid, green-producing 
streptococci and staphylococci. The leukocyte count was 17,000 before injec- 
tion, 8,960 four hours after injection, and 5,200 the following day. The ani- 
mal injected with 1 cc died in five days after having aborted. It showed acute 
diffuse peritonitis clearly secondary to infection in the uterus which passed 
through the left tube, voluminous lung (15 cc), hemorrhagic bronchopneu- 
monia, pleuritis, and marked maxillary sinusitis, tracheitis, and bronchitis. 
The animal injected with 2.5 cc died in four and one-half hours. It had extreme 
difficulty in breathing and frequent paroxysms resembling anaphylactic shock; it 
was found with its head in a pool of hemorrhagic edema fluid. The lungs were 
voluminous (20 cc), hemorrhagic, and edematous throughout. The trachea, 
bronchi, and nostrils were filled with hemorrhagic frothy fluid. 

The glucose-brain-broth culture of green-producing streptococcus derived 
from a single colony on the blood-agar plate from the blood in this case was 
injected into 3 guinea-pigs; all received 1 cc intratracheally. One of these 
had had an intraperitoneal injection of a primary culture from the sputum in 
another case of influenza 10 days previously. It showed no symptoms the 
day after injection and remained well subsequently. One of the others died 
the day after injection with leukopenia, voluminous lung (12 cc), marked 
hemorrhagic edema and bronchopneumonia, edematous peribronchial lymph 
glands, and a moderate amount of fluid in the pleural cavity. The third died 
in 3 days of hemorrhagic bronchopneumonia, tracheitis, and sinusitis. Both 
of these showed green-producing streptococci in the blood and green-producing 
streptococci and a few staphylococci in the lung and pleural fluid. The glucose- 
brain-broth culture injected into these 3 guinea-pigs was subcultured rapidly 
in duplicate from tube to tube of glucose-brain broth, and cultures made from 
one to three times a day. In the eleventh subcultures 2 guinea-pigs were 
injected intratracheally with 1 cc and 1.5 cc, respectively, of the two cultures. 
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Both were found dead the following day. The blood-agar plates of the cul- 
ture injected showed a pure culture of staphylococci and smears showed the 
absence of streptococci. The lungs in both were hemorrhagic and edematous 
but were compressed (5 cc) by a huge accumulation of chocolate-colored fluid 
in the pleural cavities (20 cc in each). Both had hemorrhagic placental 
masses in the uterus; several were detached and being expelled (fig. 9). 
Sections of both showed large numbers of staphylococci throughout the lungs, 
especially beneath the pleura, and no streptococci. Cultures from the blood 
of both showed staphylococci; from the lung, pleural fluid, and hemorrhagic 
placental masses, large numbers of staphylococci and a few colonies of green- 
producing streptococci; and from the liver, kidney, and ovaries a small num- 
ber of staphylococci. The symptoms in the guinea-pig (Guinea-pig 940) injected 
with 1.5 cc were noted for nine hours prior to death. Respiratory embarrass- 
ment at first consisted chiefly of difficulty in expiration; later breathing became 
easier but exceedingly rapid.as from a filling thorax. The animal was exam- 
ined immediately after death in order to note the condition of the uterus. 
Violent waves of uterine contraction continued for some minutes. One of 
the placental masses was partially detached; all were hemorrhagic. The 
hemorrhagic pleural fluid was immediately injected into the trachea of another 
guinea-pig, which showed moderately increased respirations immediately after 
injection, seemed well the following day and remained so for twenty-six days, 
when it was chloroformed. The pericardial sac was thickened and distended with 
bloody fluid. The peribronchial and mediastinal lymph glands were edematous 
and much enlarged. The pleura and lungs were normal. Cultures from the 
pericardial fluid and lymph glands showed staphylococci. 

The points of special interest in the experiments in this case are the high 
virulency of the strain isolated from the blood, the tendency to produce the 
same type of lesions over a wide range of dosage, the immunity induced by 
a previous injection of a culture from influenzal sputum, the extreme con- 
tractions of the uterus, and the marked infectiousness of the culture, showing 
what seems must be considered as a mutation of green-producing streptococcus 
into staphylococcus. 

Case 2787, a man, aged 59, had influenzal pneumonia and pleuritis from 
which he made a slow recovery. There was little expectoration. A diagnostic 
puncture of the chest was made Jan. 8, 1919. A small amount of turbid, 
bloody fluid was aspirated which showed countless numbers of colonies of 
hemolytic streptococci in pure culture. A suspension in salt solution of one- 
thirtieth and one-third of the primary growth on a blood-agar plate was 
injected into the trachea of 2 guinea-pigs, respectively. The former had 
increased respirations for several days and then recovered; the latter had 
increased respirations for several days and died two weeks later of abscess 
and gangrene of the right diaphragmatic lobe, ‘pericarditis, and pleuritis. The 
pericardium was markedly thickened and distended with gelatinous organiz- 
ing, fibrinous exudate. The pleural cavity contained a large amount of foul 
smelling pus communicating with the abscess (fig. 8). Cultures from the blood 
showed no growth; the pericardial fluid showed staphylococci, the pleural fluid, 
staphylococci and gram-negative bacilli. 

Case 2798, Mr. E. C. B., aged 26, was admitted to the isolation hospital 
Jan. 7, 1919. He had been taken ill seven days before with cough, general 
malaise, sore throat, and chills, but he did not ache severely. The tempera- 
ture on admission was 103 F., but it dropped to normal the following day. The 
leukocyte count January 8 was 11,400; January 10, 12,500, and January 11, 
14300. The patient had a moderately severe cough in which he raised muco- 
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purulent sputum. No definite chest signs could be detected on physical exam- 
ination, but the roentgen-ray examination on the day of admission showed 
slight bronchial infiltration in the left lung, and January 14 a small area of 
infiltration in the right middle lobe. The patient was discharged from the 
hospital January 14, after the temperature had been normal for 5 days, although 
the cough persisted. January 16, he was again admitted to the hospital com- 
plaining of a sharp, severe pain in the right lower chest aggravated by breath- 
ing, of malaise, and of feeling weak generally. At this time he had fever for 
five days; he developed outspoken signs of pleuritis over the right side of the 
chest, and pleural thickening over this area was manifested by roentgen exam- 
ination January 26. The sputum obtained January 11 showed countless num- 
bers of colonies of hemolytic streptococci, a few green colonies of strepto- 
cocci, small indifferent colonies of influenza bacilli, and a number of 
staphylococci. 

The culture in glucose brain broth from a. single colony of hemolytic 
streptococcus (which yielded a pure culture of green-producing streptococci on 
blood-agar plates) was injected into the trachea of Guinea-pig 957, January 13. 
The leukocyte count was 16,000 and the temperature 102.4 F. The following 
day the animal seemed ill, respirations were rapid, the temperature was 97 
and the leukocyte count was 19,000. On the second day the symptoms were 
about the same, the temperature was 103.6, and the leukocyte count was 16,500. 
January 16 the temperature was 102.8, the leukocyte count was 16,500. Janu- 
ary 16 the temperature was 102.8, the leukocyte count was 17,000, the respira- 
tions were definitely increased, and the animal appeared sick. January 19 it 
was found dead. The pleural cavity was distended with a large amount of 
bloody, chocolate-colored fluid, partially walled off in pockets with fibrinous 
adhesions, and partially obliterated by fibrinous adhesions, and the visceral 
and parietal pleura and the pericardium were covered with a thick layer of 
fibrinous material (fig. 7). The lungs were moderately distended (14 cc), 
moist and edematous on the cut surface, but consolidation was limited to 
several small areas. Cultures from the blood, pleural fluid, and lung showed 
a large number of green-producing streptococci and some staphylococci; from 
the spleen and kidney, a number of green-producing streptococci, and from the 
liver and suprarenal, no growth. 

The attack in this case of influenza was atypical; there was no reduction 
in leukocytes, and the attack occurred during a quiescent interval between two 
epidemic waves. The point of special interest is the fact that the findings in 
the animal injected with a culture from the sputum paralleled the findings in 
the patient quite accurately in that leukopenia did not occur; the lung lesions 
were slight, and the involvement of the pleura was the marked lesion. 

Case 2809, M. D., a little girl, aged 3, was admitted to the isolation hos- 
pital Jan. 8, 1919, in a weak Condition with a temperature of 103.4 F., pulse 
152, respirations 32, moderate cyanosis, and a severe cough. She had been 
taken sick that day, and was running a typical course of influenza without 
apparent lung involvement. The temperature ranged between 101 and 102 
degrees for four days, becoming normal on the fifth day. The throat was 
moderately red; the tonsils were normal, the tongue coated. The day after 
admission it was noted that the vulva was inflamed and that pus was dis- 
charging from the vagina. The condition yielded promptly to irrigations and 
douching with a weak solution of potassium permanganate. January 12 smears 
of the vaginal discharge showed a moderate number of leukocytes, many 
gram-positive, lanceolate diplococci, often in short chains, gram-negative bacilli, 
some resembling Bacillus coli and many smaller gram-negative bacilli resem- 
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bling Bacillus influenzae. Blood-agar plates showed a large number of green- 
producing streptococci, a moderate number of colonies of colon bacilli, and 
many small colonies resembling Bacillus influenzae. The colonies of the latter 
were most numerous and the growth more luxuriant immediately surrounding 
the colonies of the streptococci. Smears of these small indifferent colonies 
showed gram-positive and gram-negative small bacilli or short-chained diplo- 
cocci. A subculture on a blood-agar plate of a single colony of the green- 
producing streptococcus, including some of the small indifferent colonies, yielded 
pure growth of green colonies of streptococci; of four single colonies resem- 
bling Bacillus influenzae no growth was obtained, whereas subcultures from 
a group of these colonies yielded countless numbers of influenza bacillus-like 
colonies and a moderate number of green streptococcus colonies. Subcultures 
in two bottles of glucose-blood broth from the groups of isolated Bacillus 
influenzae colonies, well separated from green colonies of streptococci, yielded 
countless numbers of streptococci, blood-agat plates from these showing count- 
less colonies of green-producing streptococci. 

The primary culture in glucose brain broth from the vaginal swab was 
injected into the trachea of 2 guinea-pigs. Both pigs died within twenty-four 
hours of markedly dilated lungs filled with acute hemorrhagic edema fluid; both 
developed marked leukopenia, abortion with hemorrhage in the uterus, and both 
showed gram-positive diplococci in sections of the hemorrhagic edematous 
areas in the lung (fig. 17). A pure culture of the green-producing- strepto- 
coccus in glucose brain broth in the second generation was injected into the 
trachea of 2 guinea-pigs. The female died within forty-eight hours with marked 
reduction in leukocytes, massive hemorrhagic bronchopneumonia, edematous 
mucous membrane of the uterus, cervix and vagina, hemorrhages in the cervix 
and upper portion of the vagina, and a large amount of turbid mucus in the 
vagina. Smears from mucus in the vault of the vagina showed a moderate 
number of gram-positive diplococci and a few large gram-negative bacilli. 
The male recovered and showed moderate reduction in leukocytes ; he had fever 
for several days, but no other noteworthy symptoms. 

The streptococcus isolated in this case, in addition to causing characteristic 
lesions of the lungs, showed marked affinity for the uterus and vagina; it was 
agglutinated specifically by the monovalent antistreptococcus serum. 

Case 3171, Mr. P. H. L., aged 30, was taken with headache, severe aching 
all over and chilliness Feb. 26, 1919. He felt so sick that he was obliged to 
go to bed. After resting for a number of days he felt better, but March 2, 
after a hearty meal, he developed high fever, cough, and a headache with 
sweating. The following day cyanosis, rapid respirations, crepitant rales and 
bronchial breathing over the left lower lobe were noted. The next day numer- 
ous moist rales were heard over the right lower lobe, and the respirations 
were labored. The sputum became serous, bloody, and frothy March 5, and 
the patient died March 6. At necropsy marked bilateral hemorrhagic pneu- 
monia of the greater portion of both lungs and marked hemorrhagic tracheo- 
broncho-bronchiolitis were found. Histologic examination of the lungs showed 
marked congestion of the alveoli which were filled with edematous exudate 
containing few cells. 

Cultures from the mucopurulent material in the larynx, trachea, and bronchi 
showed numerous spreading, slightly hemolyzing streptococci, a moderate num- 
ber of staphylococci, and hemolytic streptococci. Cultures from the pleural 
fluid showed a large number of green-producing streptococci and from the 
glucose broth inoculated with the blood, green-producing streptococci. The 
primary culture in glucose broth was injected into the trachea of male G. pig 
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1249. The respirations the following day were extremely rapid and labored, 
the animal appeared ill, and was found dead the next day. The lungs were 
huge, 26 cc, and extremely heavy, 21 gm. A large amount of bloody, ede- 
matous fluid ran from the cut surface. The whole left lung appeared uni- 
formly consolidated, and most of the right lung showed irregular areas of 
consolidation, emphysema, and hemorrhagic edema (fig. 3). There were no 
other lesions. Cultures from the blood, lung, and spleen showed many large, 
moist, spreading, green colonies of streptococci. 

The primary culture in glucose broth from bronchial exudate was injected 
intraperitoneally into a mouse and into the trachea of a female guinea-pig. 
The mouse died of peritonitis within twenty-four hours. The guinea-pig died of 
hemorrhagic bronchopneumonia, hemorrhagic pleuritis, and a hemorrhagic infec- 
tion of three fetuses with abortion, in forty-eight hours. The cultures showed 
large numbers of colonies of typical hemolytic streptococci and a moderate num- 
ber of staphylococci. The primary culture of the pleural fluid was injected into 
a male guinea-pig. It appeared ill the following day and sat humped up; its 
hair was rough, and the voice was hoarse. It gradually improved during the 
following four days and remained well. 

The results in this case, in addition to the production of the characteristic 
lung and uterine lesions, are of interest because of the bacteriologic findings 
in the blood, pleural fluid and the lung exudate, and in showing changes in 
the character of these organisms as they were passed through animals, the 
green-producing streptococcus from the blood acquiring the property of pro- 
ducing large, spreading, moist, green colonies, and the spreading, slightly 
hemolyzing streptococcus from the bronchial exudate becoming a typical hemo- 
lytic streptococcus. 

Case 3175, Mrs. C. S., aged 24, was operated on March 1, 1919, on account 
of recurring attacks of appendicitis which were considered sufficiently serious 
to warrant operation for the removal of the appendix even though she was 
four months pregnant. The patient did well for five days and then developed 
fever, cough, dyspnea, mucopurulent and bloody sputum, rapidly progressing 
pneumonia, and pleuritis of the right side. She aborted on the seventh day after 
the operation and died from acute pulmonary edema on the eighth. Necropsy 
was refused. The sputum obtained March 7 was purulent and chocolate 
colored. The blood-agar plate showed countless numbers of staphylococci. 

The human fetus (male) was brought to the laboratory while fresh; the 
membranes had not ruptured. The trunk measured 10 cm. in length. There 
was marked edema in the anterior cervical region surrounding the trachea 
and in the left abdominal rectus muscle. The left pleural cavity was free from 
fluid; the right contained a large amount of turbid hemorrhagic fluid fully 
5cc. The pericardial’sac contained a small amount of turbid fluid free from 
blood. Blood-agar plate cultures from the brain, intestinal contents, pericardial 
fluid, and edema fluid from the subcutaneous tissue remained sterile. Glucose 
brain-broth cultures of hemorrhagic fluid from the right pleural cavity, peri- 
cardial fluid, and subcutaneous edema fluid showed short-chained streptococci 
and staphylococci. Sections of brain, kidneys, suprarenals, liver, and spleen 
showed no noteworthy lesions and no bacteria. Sections of the right lung 
showed a moderate number of diplococci in the pleura and subpleura of the 
right side (fig. 22). 

The sputum containing streptococci in addition to staphylococci was injected 
into the trachea of 3 female guinea-pigs. All died within twenty-four hours 
from hemorrhagic edema of the lung, and hemorrhagic pleuritis, and all aborted. 
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Two showed interstitial pulmonary emphysema, one in the form of pleural blebs 
only, the other in frothy fluid in the pleural cavity due to rupture of one of 
these blebs. Cultures from all yielded staphylococci and streptococci. In order 
to determine the infecting power of the staphylococcus, the culture in glucose 
blood broth from a single colony was injected into the trachea of another female 
guinea-pig. It died within twenty-four hours from hemorrhagic edema, hemor- 
rhagic pleuritis, and abortion, and showed staphylococci in the blood and pleural 
fluid in pure culture. Sections of the lung of one of these pigs showed the 
characteristic hemorrhagic edema with slight cellular infiltration and large num- 
bers of streptococci and staphylococci in the lung (fig. 21). 


A large white and gray cat (cat 24), with advanced pregnancy, a leuko- 
cyte count of 11,600 and a temperature of 101.4 F., was injected in the trachea 
March 17, 1919, with 4 ce of glucose-blood-broth culture of streptococcus in 
the second culture from one of the guinea-pigs. March 18 the temperature was 
101.4, the white count 6,600, and the animal appeared well. March 19 and 20 
it appeared quite well but refused food, and the temperature was 102.2. 
March 21, 12 m., it was found in labor; one kitten was born. By 6 p. m. 4 
kittens had been born; .all were alive and appeared nearly full-time size. 
March 22 the cat and kittens appeared well, but the cat refused food; the 
kittens nursed. March 23, one kitten was found dead; the cat refused food 
and appeared sick. March 24, another kitten was found dead, and a third was 
sick. The cat was worse, refused food, the respirations had increased, and 
a vaginal discharge of bloody pus had developed. March 25 the third kitten 
was dead and the fourth was in a dying condition. The cat, which was so 
weak that she was just able to stand, and had a marked diarrhea and a tem- 
perature of 104, was chloroformed. The uterus showed large numbers of 
small submucous hemorrhages; the mucous membrane was swollen in places, 
necrotic, and covered with a thick layer of chocolate-colored pus. The liver 
showed marked fatty degeneration, the kidneys, acute nephritis. Smears from 
the uterine exudate contained many staphylococci and streptococci. In cul- 
tures from the uterus were countless numbers of colonies of staphylococci and 
green-producing streptococci and number of spreading gram-negative bacilli; 
from the blood, liver and spleen, a few colonies of staphylococci and strepto- 
cocci; from the suprarenal and kidney, no growth. Sections of the uterus 
showed a thick layer of leukocytes covering the endometrium, containing 
enormous numbers of staphylecocci and streptococci. Fetus 1 showed no lesions. 
Cultures from the blood showed large numbers of stphylococci and a few green 
streptococci. Fetus 2 was accidentally discarded by the animal keeper. Fetus 3 
showed 5,800 leukocytes in the blood and a small amount of blood-tinged pleural 
fluid, staphylococci, and a few green streptococci in the blood and pleural fluid, 
together with a spreading gram-negative bacillus. Sections of the lung showed 
gram-positive diplococci in the subpleural space duplicating the findings in 
the human fetus (fig. 22). Fetus 4 showed no gross lesions, but the same 
organisms in blood and urine as in fetus 3, 


The points of particular interest in this case are the invasion of the fetus 
with lesions of the pleura caused by the organisms found in the sputum, the pro- 
duction of marked lesions in the lung and pleura, including interstitial emphysema 
of the lung in guinea-pigs, the marked affinity for the placenta, the invasion with 
the production of pleural lesions of the fetuses in the cat, and the sensitiveness 
of the streptococcus to oxygen. 
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The findings in the patients and the results obtained in each case 
reported herewith in detail are quite accurately representative of the 
findings of the whole series studied. I have purposely included one 
case (case 2787) in which leukopenia was absent and in which the 
diagnosis of influenza was doubtful because the results in the animal 
injected paralleled so accurately the findings in the patient. The points 
noted which deserve special emphasis are the marked affinity of the 
streptococci for the epithelium of the lung, even after intraperitoneal 
injection (fig. 11), the occurrence of characteristic lesions of the lung 
and pleura, the frequent involvement of the uterus resulting in abor- 
tion, and the very great similarity of the results obtained in the animals 
and the findings in cases 2769, 2770, 2787, 2798, 2809 and 3175. The 
findings in the little girl who developed vaginitis during her influenzal 
attack leave little doubt that the vaginal discharge was the result of 
localization and infection by the streptococcus in the uterus and vagina. 
The localization of the streptococcus in the pleura of the fetus (fig. 22) 
of the pregnant patient (case 3175), and in the pleura of the fetuses in 
the pregnant cat injected into the trachea with the sputum of this case, 
when absent in other tissues, may be regarded as elective localization 
of bacteria of high order. On the basis of these findings a study of 
the tissues of fetuses and of the new-born said to have contracted 
influenza in utero should be undertaken, since the micro-organism 
found in the affected tissues under these conditions may be considered 
responsible for the production of the lesions, and thus add materially 
to our knowledge of the etiology of influenza. 


EXPERIMENTS WITH FILTRATES OF LUNG EMULSIONS 
AND CULTURES 


After it was noted that intratracheal application of the bacteria 
from patients with influenza had marked effect it was thought that 
this method of injection might prove valuable in studying the effects 
of filtrates of material from influenza. Exceedingly small forms of 
diplococci were frequently seen in smears of sputum, in throat swabs, 
and in cultures from influenza, especially in deep tubes of glucose 
brain broth. It was thought possible that the preformed toxic prod- 
ucts in filtrates of cultures and lung emulsions might injure the respira- 
tory epithelium and thus facilitate growth of the few organisms which 
might pass through the filter, and, since the lung appeared to be the 
point of predilection of these organisms, growth might occur when 
cultures were introduced in this manner even though control cultures 
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on artificial mediums were negative. Moreover, valuable light might 
be thrown on the question of the presence or absence of a filtrable virus 
in this disease. I wish here to summarize the experiments done along 
this line. The filtrates studied were from sputum obtained, early in 
the course of the disease, from the lungs of dead animals, with the 
characteristic picture following injection of sputum or cultures from 
sputum, and from cultures from the sputum during life and from the 
blood and lung exudate after death of patients who had died from 
influenza. 

Berkefeld N filters, Mandler filters, and dense unglazed porcelain 
filters were used. The filtrates from the lungs were obtained by mak- 
ing an approximately 10% emulsion of the pneumonic or hemorrhagic 
lung tissue in salt solution, centrifuging it fractionally, and filtering 
the opalescent fluid by the aid of a partial vacuum obtained with a 
water suction pump. The cultures of influenzal material in the tall 
tubes of broth were incubated twenty-four to seventy-two hours and 
filtered without centrifugation. The efficiency of the filters used was 
controlled with Bacillus prodigiosus, and they were found to remove 
these small organisms in every instance. Cultures from the filtrates 
were made on blood agar, and in deep tubes of glucose brain broth and 
in tissue broth. The brain, which weighed approximately 1.5 gm., was 
added to each tall tube of glucose broth before autoclaving; the tissue 
(rabbit kidney) was added in a sterile manner to meat infusion broth 
sterilized by the fractional method. The inoculations in these mediums 
were made with at least 0.5 cc of the filtrate. The tubes were incubated 
at 33 to 35 C. for a week before they were discarded. Altogether, 15 
filtrates have been made and studied. The cultures on blood agar were 
negative in all. Those in broth remained free from growth in 13, while 
2 (filtrates 6 and 7) yielded definite growths. In the former, filtration 
was slow; in the latter, rapid. In 4 of the broth cultures clouding 
was distinct, but smears and subcultures were negative. 

The animal experiments consisted of intratracheal injection of the 
usual dose of the filtrate itself, of the “negative” cultures in the broth, 
and in some instances of the respective culture and lung emulsion as: 
controls. Altogether, 42 guinea-pigs were injected intratracheally, 30 
with the filtrate directly, and 12 with the “negative” cultures from fil- 
trates. Of these, 13 died; 10 were anesthetized for examination, and 
19 recovered. The immediate symptoms following injection of the 
filtrates were indistinguishable from those following injection of the 
cultures. Death from fatal infections occurred somewhat later fol- 
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lowing injection of the filtrates than following injection of the corre- 
sponding cultures or emulsions. The lesions were similar. Emphy- 
sema, hemorrhage and edema of the lung, with coalescing areas of 
lobular pneumonia and hemorrhagic pleuritis, were striking features. 
Microscopically dilated alveoli filled with blood and edema fluid with 
marked desquamation and destruction of the epithelium of the alveoli 
and bronchi with relatively slight leukocytic infiltration formed the 
dominant picture. Of the cultures from the 13 guinea-pigs that died, 
8 showed green-producing streptococci as the predominating organism, 
2 showed Bacillus bronchisepticus in addition, 1 Bacillus coli, and in 
1 the cultures remained negative; cultures were not made from 1 
guinea-pig. In the 2 that showed Bacillus bronchisepticus an old pneu- 
monia, easily distinguished from the hemorrhagic lesions due to the 
injection, was present. Sections of the lungs showed gram-positive 
diplococci which were most numerous along the alveolar wall. The 
10 anesthetized animals had the usual immediate symptoms, increased 
respirations for from two to three days. Two were anesthetized while 
the symptoms were severe and progressing. The findings in these were 
similar to those in the animals that died (guinea-pig 882, guinea-pig 
885). The lungs of the rest were only slightly emphysematous ; 
hemorrhagic edema with little infiltration in relatively small areas in 
the lung was noted in most of the animals. The cultures in these 
showed green-producing streptococci in 3, no growth in 6, and in 1 
the cultures were contaminated accidentally. Symptoms in those that 
recovered were either absent the day after injection or consisted of 
increased respirations, lessened activity, and ruffled fur for several 
days. 

Six animals were injected with heated filtrates; all showed the 
usual immediate symptoms of anaphylactic shock, somewhat less severe 
but otherwise comparable with the symptoms in animals injected with 
the corresponding unheated filtrate. They had no symptoms sub- 
sequently and all remained well. 

Leukocyte counts were made in 26 animals injected with filtrates. 
In 17 a marked or decided drop in leukocytes occurred, in 2 a slight 
drop, while in 7 no noteworthy change occurred. None showed leuko- 
cytosis. The leukopenia was usually present twenty-four and forty- 
eight hours after injection, after which return to normal occurred in 
the animals that recovered; in those that died it usually persisted, and 
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sometimes the count became progressively lower until death (guinea- 
pig 888). The drop was not usually as marked as that following injec- 
tion of cultures. 

_Leukopenia occurred following injection of filtrates from sputum, 
from lung emulsions, and from broth cultures of freshly isolated 
strains. Heating to 60 C. for thirty minutes and to the boiling point for 
ten minutes was found not to destroy the substance causing a diminu- 
tion in leukocytes, nor did heating destroy the property causing 
immediate symptoms of anaphylactic shock. . 

Two filtrates that produced marked effects in animals on intra- 
tracheal injection were injected subcutaneously into 3 persons in doses 
of 4 cc for one, and 5 cc for each of the other two. All developed 
only slight local reaction and none fever or constitutional reaction. 
One person’s throat was swabbed with a mixture of 2 filtrates, one 
prepared from the lung, and the other from a culture from the blood 
of case 2800. No symptoms followed. These filtrates (5 cc) were 
also injected subcutaneously in each of two persons. No symptoms 
occurred other than a negligible local reaction. 

The results following injection of 3 filtrates (filtrates 2, 3 and 4) 
in a series of animals, and the derivation of the strain from which 
they were prepared, are summarized in the tabulation. Two guinea- 
pigs (guinea-pigs 908 and 909) injected with! the fresh filtrate and the 
2 (guinea-pigs 918 and 921) injected with the “negative” culture in 
glucose brain broth developed the characteristic symptoms and find- 
ings; 1 (guinea-pig 926) injected with the fresh filtrate remained well. 
The filtrate from the pneumonic lung of one of these (guinea-pig 908) 
was injected intratracheally while fresh into 4 guinea-pigs (guinea-pigs 
930, 931, 933 and 934), and after being heated to 60 C. for thirty min- 
utes was injected in 2 guinea-pigs (guinea-pigs 929 and 932). All 
showed decided immediate symptoms and 1 died in ten minutes of 
anaphylactic shock. Three of the rest had increased respirations for 
several days and then recovered, while the other 2 showed no symp- 
toms. The filtrate from the pneumonic lung of guinea-pig 874 was 
injected into the trachea of 4 guinea-pigs (guinea-pigs 882, 888, 919 
and 923). Three developed symptoms and died. The usual findings 
were noted. 

Green-producing streptococci in pure culture, or together with 
staphylococci, were isolated from the characteristic lesions in all that 
died. Injection of the corresponding cultures into other guinea-pigs 
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was followed by very similar lesions (to be reported elsewhere). The 
parallelism was so striking that the mortality in the third animal pas- 
sage (filtrate 3) was higher than in the fourth animal passage (filtrates 
2 and 4). Sections of the lungs showed all the characteristic features 
peculiar to the influenza strains, including the localization of the 
streptococci. From the filtrate experiments it may be concluded that 
the green-producing streptococci from influenza in cultures and lung 
exudate may pass through filters through which Bacillus prodigiosus 
will not pass, and that they can multiply and grow when injected into 
the trachea of guinea-pigs, even though cultures remain negative. 


Four protocols are given as illustrations: 

Guinea-pig 921, weighing 260 gm., was injected intratracheally Jan. 6, 1919, 
with 1.5 cc of negative culture of the Berkefeld filtrate of the lung emulsion of 
Guinea-pig 851 (filtrate 3,-see tabulation). January 7 the blood-agar plate from 
the nose made before injection showed a moderate number of colonies of 
Bacillus coli and staphylococci. January 8 the animal seemed ill and respira- 
tions were increased. January 9 and 10 there was marked increase in respira- 
tions and the animal seemed sick. January 11 it was found dead. The lungs 
were found moderately distended; their total volume was 9 cc. The dia- 
phragmatic lobes were firm and heavy. The left lobe contained a whitish area 
of consolidation 1 by 0.5 cm.) along the margin surrounded by large areas 
of hemorrhage and edema. The cut surface of the lung was moist and a large 
amount of bloody fluid escaped. The peribronchial lymph glands were edema- 
tous. The uterus was small but showed a circumscribed area containing 
numerous punctate hemorrhages. On the flat muscles on the inner aspect of 
both thighs were numerous small whitish necrotic areas. The kidneys showed 
marked cloudy swelling. The left nostril and the corresponding sinus were 
filled with mucopus. The mucous membrane of the nose, trachea, and bronchi 
was edematous and congested. January 13 blood-agar plate cultures from the 
blood, the areas of consolidation, and edema fluid of the lung, the kidney, and 
mucus from the right and left horns of the uterus, contained large numbers of 
streptococci; emulsons of the muscles with lesions, contained 70 green colonies 
of streptococci; and the emulsions of the normal muscle, contained no strep- 
tococci. 


Guinea-pig 908, weighing 350 gm., was injected intratracheally Jan. 4, 1919, 
with 1 cc of Berkefeld filtrate from Guinea-pig 851 (filtrate 3). The nostrils 
were dry at the time the cultures from the nose were made. January 5, at 
11 a. m., the animal appeared to be quite well with slight increase in respiration. 
At 1 p. m. it suffered from a brief attack of shortness of breath and paroxysms 
of coughing; the voice was clear. At 5:30 p. m. the animal was hoarse and 
respirations were definitely increased. A violent attack of shortness of breath 
followed the making of a second culture from the nose. The blood-agar plate 
of secretion from the nose made before injection showed a large number of 
staphylococci and a few green-producing streptococci. January 6 a large num- 
ber of staphylococci and green-producing streptococci were found in the cul- 
tures from the nose made the day after injection. At 9:45 a. m. the animal 
was short of breath. It had an attack resembling anaphylactic shock; the 
eyes were watery, the nostrils dry. At 3 p. m. the respirations were rapid and 
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an expiratory grunt had developed. At 8:30 p. m. the animal was very weak; 
respirations were extremely rapid and difficult, and it often made violent efforts 
to get its breath. It died in one of these paroxysms. The lungs were found 
to be extremely distended; their volume was 17 cc and the weight was 14 gm. 
A large part of both lungs was consolidated. The cut surfaces everywhere 
were extremely moist; a large amount of bloody, frothy fluid escaped and the 
trachea and bronchi were filled with a similar fluid. An uninvolved portion of 
the lung was extremely emphysematous and the alveoli appeared to be at the 
rupturing point. There were no areas of old lung lesions. The mucous mem- 
brane of the nose, the trachea, and the bronchi was hyperemic. The peribronchial 
lymph glands were edematous. The mucous membrane of the uterus was 
hyperemic. January 7, blood-agar plate cultures from the blood, kidney, liver, 
brain, and mucous membrane from the right and left horns of the uterus were 
sterile; in cultures from the pneumonic lung countless numbers of green 
colonies of streptococci were found; and from the nose and the mucous mem- 
brane of the turbinate bones, countless green colonies of streptococci and a 
large numbers of staphylococci. Smears from the lung showed large numbers 
of gram-positive diplococci and those from the nose, gram positive diplococci 
and staphylococci. No organisms resembling the influenza bacillus were found. 


Guinea-pig 888, weighing 490 gm., was injected intratracheally Jan. 3, 1919, 
with 1.5 cc of the porcelain filtrate of the lung of Guinea-pig 874 (filtrate 2, see 
tabulation). Before injection the leukocyte count was 10,500, The nostrils were 
dry when cultures were made. The animal coughed violently several times 
while being injected and had shortness of breath for 15 minutes following the 
injection. The temperature rose to 103.4 degrees. January 6, the condition 
of the animal was about the sare although the shortness of breath had 
increased somewhat. The cultures from the nose showed large numbers of 
green-producing streptococci and moderate numbers of staphylococci. Janu- 
ary 9 the animal was found very weak and short of breath. It acted strangely, 
constantly pushing its head into the side of the basket or under its mate until 
it was completely exhausted. At 9 a. m. its temperature was 94; the white 
count 4,300. At 11 a. m. it died during a violent effort at respiration. The 
lungs were found distended (14 cc); there was an extensive bronchopneu- 
monia, a mild pleuritis, four hemorrhagic areas, markedly recent placental 
attachments, one in the right and three in the left horn of the uterus. There 
was a large amount of turbid mucus in the uterus. January 11 blood-agar 
plate cultures of the blood were negative; those of the lung showed countless 
numbers of colonies of streptococci and a few staphylococci. 

Guinea-pig 882, weighing 300 gm., was injected intratracheally Jan. 2, 1919, 
at 10 p. m. with 2 cc of porcelain filtrate of the lung emulsion from Guinea-pig 
874 (filtrate 2). Cultures from the nose contained large numbers of staphylo- 
cocci and diphtheroid bacilli. January 3 at 7:30 a. m. the animal appeared quite 
well, and without definite shortness of breath. At 11 a. m. there was definite 
shortness of breath. Much mucus was noted in the left nostril. This was 
cultivated and was found to contain a large number of green colonies of 
streptococci and a moderate number of staphylococci. January 4 respiration 
was increased and the animal had grown thin, weighing 260 gm. January 5 it 
seemed ill; the nostrils were moist; the temperature was 103.6. It was ether- 
ized; the lung was found moderately distended and the left anterior lobe com- 
pletely consolidated, uniformly grayish-red, and mottled on the cut surface. 
The consolidated areas were moist and surrounded by hemorrhagic edema. The 
uterus contained a hemorrhagic area, one in each horn, and bloody mucus in 
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the fundus. In the right horn was found a chocolate-colored, hemorrhagic 
mass. January 7 blood-agar plate cultures of the blood showed a few green- 
producing streptococci; of the lung and nose, large numbers of green colonies 
of streptococci and a moderate number of Staphylococcus aureus ; from edema- 
tous fluid of the lung, a moderate number of green colonies of streptococci; 
from the right horn of the uterus moderate numbers of green colonies of 
streptococci and one of staphylococci. Cultures from the liver and kidney were 
negative. , , 

Guinea-pig 885, weighing 350 gm., was injected intratracheally Jan. 2, 1919, 
with 2 cc of Berkefeld filtrate with emulsion of the pneumonic lung of Guinea- 
pig 869. Cultures taken from the nose before injection showed staphylococci 
only. January 3 at 7:30 a. m. the animal appeared quite well; there was no 
apparent shortness of breath; at 11 a. m. the respirations were increased. Smears 
from the nose showed large numbers of diplococci, often in short chains. Janu- 
ary 4 cultures from the nose made twelve hours after injection showed many 
staphylococci and green colonies of streptococci. The animal appeared sick, 
coughed and sneezed at intervals; respirations were rapid. January 5 shortness 
of breath had diminished. The animal was etherized. The lungs were moder- 
ately emphysematous (11 cc); one area of consolidation 1 by 0.7 cm. was found 
in the right diaphragmatic lobe. The pleura was dull over this area. The cut 
surface was markedly edematous and a large amount of bloody, frothy fluid 
escaped. A number of smaller areas of consolidation were found in the left 
diaphragmatic lobe. The peribronchial lymph glands were enlarged and 
edematous. There was mucopurulent material in the nostril. January 7, blood- 
agar plate cultures from the blood, liver, kidney and testicle were negative; 
those from the pneumonic lung showed large numbers of green colonies of 
streptococci, and those from the nose showed many staphylococci and green 
colonies of streptococci. 


EXPERIMENTS INDICATING THE TRANSMISSION OF INFLUENZAL 
INFECTION BY (CONTACT 


The question of the possible transmission of infection by contact in 
the animals was also studied. Uninjected guinea-pigs and guinea-pigs 
injected with broth or salt solution were caged with animals inoculated 
intratracheally with cultures. All of the 8 uninjected pigs, and the 5 
injected with salt solution remained well. In 5 of the former and 3 of 
the latter the nasal mucous membrane was injured with a sterile flexible 
wire coil when making cultures from the nose. Two of 10 guinea-pigs 
injected intratracheally as controls with glucose broth became ill with 
symptoms suggesting respiratory involvement. Both of these animals 
were caged with guinea-pigs injected with highly. virulent cultures. 
One died in four days from hemorrhagic bronchopneumonia. Cultures 
from the blood and lung showed countless numbers of green-producing 
colonies of streptococci. The other died ten days after injection, with 
a large amount of a bloody fluid in the chest and marked broncho- 
pneumonia. The blood contained green-producing streptococci and 
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the pleural fluid, staphylococci. The green-producing streptococcus 
from both guinea-pigs was agglutinated specifically by the monovalent 
serum. It corresponded morphologically and culturally with the strep- 
tococci from influenza and neither strain fermented inulin. During the 
course of these experiments the supply of normal guinea-pigs was 
large and no epidemic of pneumonia occurred. Examination of those 
that died spontaneously was made as a further check on the experi- 
ments. Five were found with lesions in lungs. These lungs were 
different in appearance from those that followed injection of the strains 
from influenza. They were small, the pneumonia process, usually old, 
was most marked in the anterior lobes instead of the posterior lobes, 
and the more recent consolidations were ill defined, often resembling 
atelectatic areas. The cultures from these showed Bacillus bronchi- 
septicus and two showed pneumococci. The latter were not agglu- 
tinated by pneumococcus type serums nor by the monovalent serum. 


SYMPTOMS AND GROSS LESIONS FOLLOWING INTRATRACHEAL INJECTION 
OF INFLUENZAL MATERIAL 


The more marked effects of intratracheal than of intraperitoneal 
injection were very apparent. The respiratory embarrassment on intra- 
tracheal injection, particularly in the infections that terminate fatally, 
was often marked immediately after injection and extreme the day 
following. The thorax was often in full expansion, the eyes had a 
glazed appearance, lacrimation was frequent, the mucous membranes 
were cyanotic, the breathing was difficult, rapid, irregular, and chiefly 
abdominal. The animals were restless and irritable, the fur ruffled. 
Expiratory efforts were often violent, and recurring coughing and 
choking spells resembling the bronchial spasm of acute anaphylaxis 
were common. The degree of respiratory embarrassment in the ani- 
mals that died within twenty-four or forty-eight hours was found to 
vary considerably during the hours of observation. There were periods 
of some minutes when breathing, although rapid, was quite free and 
easy, and the animals often ate food or drank water. The quiescent 
intervals were followed by a return of marked difficulty in breathing, 
during which time, bloody, edematous fluid sometimes escaped from 
the nostrils. Finally the animals, while perfectly conscious, and bend- 
ing every effort at breathing, would run about aimlessly with the head 
extended, often jump out of the basket in violent efforts to get breath, 
and die with symptoms of acute anaphylactic shock, and in addition 
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with large amounts of hemorrhagic edema fluid escaping from the 
nostrils. ©The symptoms in these animals were clearly those of a pro- 
longed anaphylaxis. 

The lungs in the animals that died early were always voluminous, 
dark purplish red, and showed marked hemorrhage and edema with’ 
little or no true consolidation. This was true even in those in which 
the toxicity of the culture killed them in the course of a few hours 
(figs. 2 and 6), and even following intranasal insufflation. The dark, 
hemorrhagic and edematous areas often occupied almost the entire 
lung, but they were always more marked in the posterior lobes. The 
emphysema was often so extreme that the alveoli were distended to 
the rupturing point and in some instances rupture was indicated by 
the finding of subpleural, interstitial emphysema and by the escape 
of air into the pleural cavity and in the mediastinal and subcutaneous 
tissues about the chest. The cut surface was extremely wet and large 
amounts of hemorrhagic edema fluid escaped. The hemorrhagic, 
edematous areas were often wedge-shaped with the base toward the 
pleura, or peribronchial. The cyanosis in some of these animals became 
extreme. The blood was very dark and often remained liquid. In the 
animals that showed the symptoms described, and that died in two or 
three days, the lungs were also extremely voluminous and presented 
the picture of massive pseudolobar pneumonia. At times the con- 
solidation involved almost the entire lung (fig. 3), but although most 
or all of certain lobes were involved the consolidation was not uniform 
or complete, but consisted of coalescing areas of lobular pneumonia 
varying in age and surrounded by areas of hemorrhagic edema. These 
lungs also contained large amounts of a thin, watery, bloody exudate, 
and were extremely wet on the cut surface; this was in sharp contrast 
to the areas of consolidation noted following intratracheal injection of 
type pneumococci. The smaller bronchi were often found plugged with 
a bloody exudate, and the mucous membrane of the trachea and larger 
bronchi was extremely red, and the lumen filled with a blood-tinged 
froth. These characteristic changes in the lung tended to occur also in 
the white rat and monkey. A small percentage of the guinea-pigs 
(about 10%), which showed soon after injection the symptoms of 
respiratory embarrassment just described, might live for some days 
with extremely rapid but not difficult breathing, and then die with 
compressed lungs from hemorrhagic fluid filling the thorax. In these 
the symptoms of anaphylaxis might be noted at intervals. Usually, 
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however, death seemed to occur from want of air from a rapidly filling 
thorax. If death in these animals occurred late, the picture was that 
of hemorrhagic empyema. The fluid in the pleural cavities, whether 
death occurred early or late, was almost without exception tinged with 
blood and contained a relatively small amount of fibrin. 

Some animals with not very marked symptoms recovered either in 
a few days or died at a later period. The symptoms of those that 
recovered usually consisted of a varying degree of increased respira- 
tions, of cyanosis of the mucous membrane with evidence of general 
illness in loss of action and weight, and in fever. The animals sat 
humped up and with ruffled hair. The drop in leukocytes lasted for 
from one to three days. . When these animals were anesthetized for 
examination relatively little lung involvement was found, consisting of 
irregular areas of partial consolidation, often lobular and peribronchial 
with hemorrhage and edema, while some showed no lung involvement 
even when examined within four or five days after injection. The 
tracheobronchial lymph glands were almost constantly found enlarged 
and markedly edematous on the cut surface. 

The animals that died from three to ten days or more after injection 
usually showed bronchopneumonia of varying extent associated with 
emphysema and hemorrhagic edema of various degrees of intensity. 
In some the pneumonia was lobar in distribution, but lobular in char- 
acter. Some of the animals developed mucopurulent discharge from 
the nose associated with maxillary sinusitis and marked redness of the 
nasal mucous membrane. Occasionally after recovery seemed to be 
complete there was a return of respiratory embarrassment and death 
occurred from hemorrhagic edema associated with well defined areas 
of grayish bronchopneumonia. In not a few of these localized abscesses 
were noted in the areas showing consolidation. 

Cultures from the blood of the animals that died within forty-eight 
hours were usually positive, but the number of colonies was relatively 
small, while in those that died later the cultures usually remained sterile. 
The cultures from the lung and pleural exudates were always positive 
in the animals that died soon after intratracheal injection, but were 
often negative in the animals anesthetized while recovering. The rela- 
tive preponderance of the different strains isolated is shown in table 3. 
In some animals that died in from ten days to two weeks or more after 
injection, an entirely different picture supervened. In these the respi- 
rations became progressively slower as unconsciousness, great weak- 
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ness, and a tendency to retraction of the head developed. In a few 
instances the animals appeared mentally deranged. The lungs were 
usually small, although occasionally there was moderate emphysema 
and lesions were slight or wholly absent. The brain and cord were 
soft, the cerebrospinal fluid was clear but increased in amount; the 
meninges were edematous and congested. Cultures from the brain and 
cord substance and spinal fluid were usually negative on blood-agar 
plates, but in some instances yielded green-producing streptococci in 
tall tubes of glucose brain broth. The blood in these was always 
sterile. 
MICROSCOPIC ANATOMY OF THE LUNGS 


The microscopic findings in the lungs of guinea-pigs varied greatly, 
depending on the method of injection and on how long after injection 
the animals survived. In those injected intraperitoneally or subcu- 
taneously the lung findings were relatively slight and consisted of 
localized hemorrhage and edema with a minimal amount of leuko- 
cytic infiltration and desquamation of alveolar epithelium. The locali- 
zation of the streptococci in the tissues about the capillaries and in the 
swollen and degenerating alveolar epithelial cells in their normal 
position or about the desquamated cells which’ showed nuclear degen- 
eration was a striking picture (figs. 10 and 11). But the lungs of the 
animals injected intratracheally showed the changes that have come 
to be regarded as more or less characteristic of influenzal pneumonia. 
They showed marked distention of alveoli and of alveolar ducts with 
red blood cells, precipitated serum and a varying number of desqua- 
mated degenerating epithelial cells often resembling polymorphio- 
nuclear leukocytes, almost complete absence of leukocytes in the acute 
lesions (figs. 12, 16 and 17), and relatively few leukocytes, even in 
the more advanced stages of consolidation (figs. 13 and 15a). This 
picture was in sharp contrast to the consolidation due to type pneu- 
mococci (fig. 18a) and the consolidations noted occasionally following 
injection of the bacteria from normal throats. Besides the marked 
edema and hemorrhage, probably the most striking change noted in the 
lungs of these animals was the marked and widely disseminated areas 
showing necrosis of alveolar epithelial cells and interalveolar capillaries 
(fig. 19a), also a picture in sharp contrast to that noted following 
injection of type pneumococci (fig. 19b). The latter finding was 
strikingly similar to that first noted and so clearly described by 
LeCount in the case of influenzal pneumonia in man. In the experi- 
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mental animal in which dosage, place of inoculation, and duration of 
experiment could be controlled, the cause of this necrosis and the 
resulting hemorrhage and edema has been found to be due to the local- 
ization and growth of the micro-organisms in these structures. The 
number of organisms was often so large that the outline of alveoli and 
alveolar ducts could readily be made out with the low power in sec- 
tions stained by Gram-Weigert by means of the dark lines due to huge 
numbers of streptococci revealed under higher magnifications (figs. 14c, 
15b and 16b). This, too, was in sharp contrast to the even distribution 
of type pneumococci throughout the highly cellular exudate filling the 
alveoli (fig. 18b) in experiments in lobar pneumonia in the guinea-pig. 

The marked edema and dilatation in the perivascular lymph 
channels noted in many sections was likewise associated with the 
presence of enormous numbers of Gram-staining diplococci (fig. 20). 
Moreover, marked hemorrhagic pleuritis was invariably accompanied 
by the localization and growth of the micro-organisms in enormous 
numbers in the subpleural lymphatics (figs. 20, 21 and 22). 

It has been possible to study the reparative process of the lungs in 
animals that were recovering from the effects of injections. The 
striking feature in the cellular reaction throughout was the relatively 
small part played by polymorphonuclear leukocytes and the large part 
played by the proliferated fixed tissue cells, probably endothelial leuko- 
cytes and the marked proliferation of epithelial cells. 

Distinctive features in the gross and microscopic findings were 
lacking in the lungs of animals that died soon after injection of the 
various bacteria, green-producing streptococci, hemolytic streptococci, 
and staphylococci, except that the hemolytic streptococus tended to 
invade the pleura and produce hemorrhagic empyema more than the 
green-producing streptococcus. This is in accord with the findings in 
the lungs of persons dying from influenzal pneumonia, reported by 
Blanton and Irons. In the animals that lived for a longer period after 
injection of mixtures staphylococci were isolated in relatively large 
numbers, and the sections showed staphylococci in larger numbers 
or in pure form in the localized areas showing marked leukocytic 
infiltration, and in abscesses when streptococci were the predominat- 
ing organisms in the larger intervening areas of hemorrhagic edema 
showing few leukocytes. The tendency of staphylococci to displace 
the streptococcal flora in the prolonged experiment even when pure 
cultures of the streptococci had been injected was often a striking 
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feature (case 2787, fig. 8). These findings in general are in accord with 
those in human lungs described by Lord,** Weichselbaum,”* Kuskow,? 
and others in previous epidemics of influenza, and by Le Count,’ 
MacCallum,’ Bell,? Chickering and Park,® Lucke, Wight and Kime,*® 
Opie,*® Lubarsch,'* Lyon,'* and others during the recent epidemic. 


Altogether, the virulency more than the species of organism injected 
determined whether hemorrhagic edema with slight leukocytic infiltra- 
tion, or bronchopneumonia with marked leukocytic infiltration dom- 
inated the picture. As a rule, the leukocytic infiltration in the lung 
occurred more rapidly and to a greater degree in the animals that 
showed relatively slight leukopenia or even leukocytosis, and in those 
injected with cultures from patients with mild attacks who had little 
or no reduction or even a moderate increase in the leukocyte count 
than in animals injected with strains from cases showing marked 
leukopenia. 


LESIONS OF THE FEMALE GENERATIVE ORGANS AND OF TISSUES 
OTHER THAN THOSE OF THE LUNG 


By far the most important effects or lesions which have been noted 
outside of the respiratory tract were those of the female generative 
organs, especially the uterus, and those of the intestinal tract. A con- 
sideration of the latter is reserved for a separate paper. 

The effect on the female generative organs in influenzal infection 
is so marked that many authors regard this as of diagnostic importance. 
The syinptoms most commonly encountered are the occurrence of 
menstruation for the first time in young girls, of intermenstrual hemor- 
rhages in women in whom the menstrual function has been established, 
its recurrence after the menopause, and the marked tendency to abor- 
tions associated with a high mortality rate in pregnant women. 

We have injected, altogether, 98 female guinea-pigs, 76 intra- 
tracheally and 22 intraperitoneally or subcutaneously with bacteria 
from influenza. Of these, 61 died as the result of the injection (62%), 
and 37 either recovered or were anesthetized as recovery appeared 
likely, or after being caged with males for several months. 

A study of the uterus and the other generative organs was made in 
75 guinea-pigs, 57 injected into the trachea and 18 intraperitoneally or 
subcutaneously. Of the 75, 34 were undoubtedly pregnant at the time 
of injection as shown by examination after death. Only 6 of these 
showed normal uteri and normal placental masses when examined. 
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Four were anesthetized, and 2 died in one and eight days, respectively, — 
from the effects of the injection. The cultures from the uterus in 5 
were negative; 1 showed a few green-producing streptococci. In the 
remaining 28 pregnant guinea-pigs the uterus was either found empty 
with hemorrhagic areas marking the site of placental attachment or it 
contained one or more detached or attached hemorrhagic placental 
masses (fig. 9). Cultures from the hemorrhagic piacental masses and 
bloody mucous in the uterus in these often showed exceedingly large 
numbers of the bacteria injected. 


The uterus of the 27 guinea-pigs that died which were not pregnant 
showed a varying number of hemorrhagic areas in the endometrium. 
These were usually small in number and the individual hemorrhages 
relatively small, but in some instances, even in young guinea-pigs, the 
hemorrhages were more extensive and occurred over wide areas (fig. 
9). They almost always occurred in the horns and rarely in the body 
of the uterus, cervix, or vagina. Lesions of the latter, however, were 
noted in the guinea-pigs injected with the streptococcus from the 
vaginal discharge in case 2809. Marked evidence of infection of the 
mucous membrane was usually limited to the areas marking placental 
_ attachment. In these and in the hemorrhagic placental masses, large 
numbers of the organisms injected were demonstrable in sections. 
There was a marked difference between the strains with respect to 
their power to invade the uterus. In some, all animals injected 
aborted; in others few or none. The affinity for the uterus was par- 
ticularly marked in the cultures from the patient (case 3175) who 
aborted. Intratracheal injections of the sputum in a series of female 
guinea-pigs and a cat were followed by localization in the uterus and 
abortion in every animal injected. 


The effects in the lung associated with marked bronchial spasm 
and emphysema, the finding in animals of violent contractions in the 
uterus immediately after death, and in some instances when anesthet- 
ized, and the absence of demonstrable infection either in the placental 
site or the mucous membrane of the uterus in some of the animals 
injected, are good reasons for the belief that the emptying of the 
uterus may be due in some instances to the violent contractions of the 
uterus from the formation and circulation of “anaphylatoxin” and may 
not always be the result of actual localization of the bacteria at the 
placental side. 
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Lesions of the ovary were relatively rare. In some instances, how- 
ever, one or both were edematous, fully twice the normal size, and in 
sections evidence of degeneration of cells in the granular layer asso- 
ciated with edema and leukocytic infiltration in the graafian follicles 
were noted. Lesions in the interstitial tissues of the ovary were not 
found. 

Cultures were made from the sections in the uterine horns in 75 
guinea-pigs. In these the amount of material cultivated usually con- 
sisted of only one or two drops from the ends of a small pipet. Green- 
producing streptococci in varying numbers were isolated in pure cul- 
ture or together with hemolytic streptococci and staphylococci in 28 
animals, hemolytic streptococci in 10, and staphylococci in 25. 

Altogether, 10 female guinea-pigs were injected with the control 
cultures, including those from normal throats, from cases of simple 
nasopharyngitis, and with type pneumococci from lobar pneumonia. 
Of these 10 were pregnant. Only 3 showed slight lesions of the uterus 
or placental masses and only 1 aborted. Cultures were made from 
the uterus in 10. One showed a few colonies of staphylococci; the 
rest remained sterile. It is thus apparent that the marked affinity for 
the uterus and the high incidence of abortions in the animals injected 
with the influenzal strains is not shared by the control strains. When 
we were dealing with controlled conditions the effects on the female 
generative organs in the guinea-pig paralleled in so far as is possible 
those observed in women. 

In order to determine whether other effects on the female genera- 
tive organs might not have occurred following injection of these strains, 
the female guinea-pigs that survived were mated with males and kept 
under observation for from two to three months. Only 2 became preg- 
nant, 1 showing 1, the other 2 fetuses. The general health of all these 
animals appeared to be good. They gained in weight. There was no 
evidence of disease of the external generative organs either in the 
males or females and no gross lesions of ovaries, uterus, or vagina in 
the animals chloroformed to determine the presence or absence of 
pregnancy. It would appear, therefore, that infection with these micro- 
organisms had a pronounced depressant effect on the female genera- 
tive mechanism after a recovery in other respects seemed to be com- 
plete. On the basis of this experiment a diminution in the birth rate 
in human beings greater than can be accounted for by the death of 
women of the child-bearing age might be expected. 
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The kidneys often showed a marked degree of diffuse, cloudy swel- 
ling and less commonly, focal areas of infection situated most often 
in the medulla; in a few instances these areas seemed to have given 
rise to pyelitis. Hemorrhages in the mucous membrane of the bladder 
were rarely noted. The suprarenals were often much swollen and 
hemorrhagic on the cut surface. 


Following intratracheal injection of a few strains, numerous lesions 
of the muscles occurred, and in a few animals single large, hemorrhagic, 
edematous, necrotic areas were noted in the abdominal rectus muscle. 
Lesions of the myocardium occurred not infrequently and consisted 
usually of a grayish white diffuse degeneration. The ventricles in 
most of these were of stony hardness and in firm systole. 

Lesions of the stomach were rare and occurred almost exclusively 
in animals that died from overwhelming infection, and consisted almost 
wholly of small localized hemorrhages with or without superficial 
ulceration associated with marked distention of the stomach with gas 
rich in carbon dioxid and marked postmortem digestion of the stomach 
wall. 

General peritonitis following intratracheal injection was noted in 
12 guinea-pigs. This occurred usually only when marked pleuritis or 
empyema was present or when it was otherwise secondary to infection 
of the uterus and tubes. 


EXPERIMENTS ON THE MECHANISM OF RESPIRATORY 
’ EMBARRASSMENT IN INFLUENZA 


Many findings in influenzal pneumonia, and particularly those in 
guinea-pigs following injection of bacteria from influenza, suggest 
strongly that they may be due in part to the formation of “anaphyla- 
toxin,’ and that the lung picture may be the result of a prolonged 
anaphylaxis, associated with bronchial spasm. The protective effects 
of epinephrin and atropin against fatal anaphylactic shock are thor- 
oughly established. It was thought, therefore, that injections of these 
substances into guinea-pigs having symptoms resembling anaphylaxis 
might furnish experimental evidence of the nature of the respiratory 
embarrassment and the use of these substances in treatment. 

The effects of subcutaneous injection of epinephrin were studied in 
15 guinea-pigs. The dose ranged from 0.02 cc-0.05 cc of a 1: 1,000 
solution of epinephrin chlorid to each 100 gm. of body weight. Good 
effects were noted in all but 3 guinea-pigs which showed no improve- 
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ment; respiratory embarrassment was found to be due either to filling 
of the pleura or to extensive consolidation of the lung. The improve- 
ment, although striking, was always temporary, lasting from one-half 
to five hours. Ina few control experiments in which the same dose of 
culture was given, life appeared to be prolonged for from one to two 
days in the animals treated with epinephrin, but in no instances in 
which recovery took place could it be attributed to the effects of this 
drug. This would be expected because of the inexhaustible supply of 
anaphylatoxin causing bronchial spasm due to the multiplication of the 
bacteria. Protocols illustrate the results obtained. 


Guinea-pig 750, weighing 350 gm., was injected intraperitoneally Nov. 25, 1918, 
at 5:30 p. m. with 0.3 cc of the sputum from case 2620. The white blood 
count before injection was 14,400. November 26 at 9 a. m. the animal appeared 
to be sick, the fur was rough, and the respirations were rapid and difficult. The 
chest appeared to be dilated, and breathing was accomplished chiefly by means 
of the diaphragm. There was an expiratory rattle in the throat, and the ani- 
mal’s repeated forced efforts at expiration resembled the symptoms of anaphy- 
lactic shock. The mucous membrane of the conjunctiva, mouth, and tongue was 
blue. The leukocyte count was 4,500. At 1 p. m. the condition was unchanged 
except that respiratory efforts were more labored. A small amount of fluid 
oozed from the mouth and there was intense cyanosis of the mucous membranes. 
At 2:30 p. m. the condition was about the same. At this time 0.2 cc of a 
1:1,000 solution of epinephrin chlorid were injected subcutaneously. At 2:35 
p. m. there was no apparent change in respiration. At 2:45 p. m. the res- 
pirations undoubtedly were less labored and the animal appeared to be improved. 
At 3 p. m. the respirations appeared to be quite normal and the animal appeared 
to be much improved. At 3:45 p. m. the animal seemed to be comfortable, ate 
food, and the respirations were only slightly above the normal; cyanosis was 
absent. At 5:30 p. m. the respiratory difficulty had returned to some extent 
and the animal had a violent attack resembling anaphylactic shock. Novem- 
ber 27, at 8:20 a. m., it was found dead. It showed hemorrhagic serofibrinous 
peritonitis and moderate emphysema of the lungs (12 cc), and beginning bron- 
chopneumonia associated with marked edema surrounding the consolidated 
areas. The blood was very dark and had not coagulated. Blood-agar plates 
of the blood showed a moderate number of green-producing streptococci; from 
the peritoneal fluid there was a large number in pure culture. 

Guinea-pig 965, weighing 360 gm., was injected intratracheally Jan. 14, 1919, at 
3 p. m. with 2 cc of the glucose-brain-broth culture of the vaginal swab of 
case 2809. At 7 p. m. the respirations were extremely rapid and chiefly abdom- 
“inal, the chest was dilated, the hair ruffled; there was an expiratory grunt, and 
the animal was restless, appeared uncomfortable, coughed repeatedly, and 
scratched its nose at intervals; bloody, edematous fluid escaped from the nos- 
trils. At 7:20 p. m. respiratory embarrassment was unchanged. At 7:30 
p. m., 0.2 cc of a 1:1,000 solution of epinephrin chlorid were injected subcu- 
taneously. At 7:45 p. m. the picture had completely changed. The respira- 
tions were free and easy; the animal walked about, and the discharge of bloody 
fluid from the nose had ceased. At 11:15 p. m. the respirations were growing 
more labored; the animal was weak and restless, and breathing was difficult ; 
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there was an expiratory rattle, and the bloody discharge from the nose had 
returned. At 11:30 p. m. the animal had an attack of severe shortness of 
breath in which it made violent efforts to breathe, ran around its mate, jumped 
into the air in a last violent effort at breathing, fell on its side as bloody fluid 
spurted from the nose and mouth, and died. The lungs were voluminous 
(22 cc); practically the entire lung was hemorrhagic and filled with hemor- 
thagic edematous fluid. The peribronchial lymph glands were edematous. A 
smali amount of bloody fluid was found in the pleural cavity and a large sub- 
capsular hemorrhage in the lower pole of the left kidney. Sections of the lung 
showed marked dilatation of alveoli filled by hemorrhagic edematous fluid, with 
slight leukocytic infiltration, and large numbers of diplococci in the hemorrhagic 
areas (figs. 17a and b). 


RELATION OF MORTALITY IN GUINEA-PIGS TO VIRULENCY OF THE 
ORGANISM ISOLATED IN FATAL AND NONFATAL 
JNFLUENZA IN PATIENTS 


If the results obtained in the animals really indicate close etiologic 
relationship of these streptococci to the disease, the relative mortality 
in the animals should correspond roughly with that in the patients from 
whom the material for injection was obtained. During the course of 
the experiments, the impression was gained that the material from 
severe or fatal cases is more virulent, producing more severe respira- 
tory embarrassment, more marked hemorrhagic edema, and a higher 
mortality rate than the material from patients with mild attacks who 
recovered. It was considered of value, therefore, to determine the 
mortality in the animals according to whether the material injected 
was from patients with influenza and influenzal pneumonia who 
recovered, or from patients with influenza and influenzal pneumonia 
who died. In table 4 is given the mortality according to the diagnosis 
made at the time the material injected into animals was obtained and 
according to whether the patient died or recovered. 

The mortality in the animals injected (intratracheally and intra- 
peritoneally) with material from patients with influenza in whom 
signs of lung involvement were slight or entirely absent at the time of 
the experiments and who recovered, was about the same (49%) as in 
patients with influenzal pneumonia who recovered (43%). The 3 
persons who had influenza at the time of the experiments and who later 
died of influenzal pneumonia harbored streptococci which killed the 
5 guinea-pigs injected. It should be noted that the mortality in the 
guinea-pigs injected with material from patients with influenzal pneu- 
monia was 26% lower when the material was taken from patients who 
recovered than when taken from those who died. In the former it 
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was 43% in 23 guinea-pigs injected with 23 strains; in the latter, 69% 
in 78 guinea-pigs injected with 39 strains. 
following intratracheal injection of 67 strains in 109 guinea-pigs was 
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TABLE 4 


AccCORDING TO DiIaGNosIs AND ULTIMATE RESULT IN PATIENTS FROM 
: Wuom MATERIAL WAS OBTAINED 


The average mortality 


Place Diagnosis at Time Number Number of Animals Percen- 
of Injection of Animal] Experiments of ~| tage 
and Material and Ultimate Strains | Injected | Recov- Died | of Mor- 
Injected Result ered tality 
Influenza—recovery..... 32 43 23 21 49 
Influenzal pneumonia— 
TOCOV CL Y dastsior 16, cero ialate 12 1: 7 4 36 
Trachea —sputum, pri- WOtal curacao 44 5d 30 25 [45] 
mary culture, green- 
producing  strepto- | Influenza—death........ 1 3 0 3 100 
eoeci, hemolytic | Influenza] pneumonia— 
streptococci, staph- GOAtRi oc vec ee. tese koa. 22 51 20 31 61 
yloeocci = ——— — —_ — 
TROD AI. Meisrceiseteiystselers 23 54 20 34 [63] 
Total all strains....... 67 109 50 59 54 
Influenza—recovery..... 36 42 21 21 50 
Influenzal pneumonia—- 
TECOVELYSorties coaceon 1 12 6 6 50 : 
Peritoneum — sputum, | . —— eee ae —S — ' 
primary culture, Total, Wirerrs o«sss sas 47 54 27 27 [50] | 
green-producing | 
streptococci, hemo- | Influenza—death........ 2 2 0 2 100 
lytic streptococci, | Influenzal pneumonia— 
staphylococci GUE A ieee goeSatucact ace i 27 4 23 85 
ovale. aes etd tactemtente 19 29 ati 25 [86] 
Total all strains....... 66 83 31 52. 63 
Influenza—recovery..... 63 86 44 42 49 
Influenzal pneumonia— 
ECCOW.OLY, oe eyantteiats siniatod 23 23 13 10 43 
Trachea and _ perito- ae Sa OS ee — — 
neum—sputum, pri- IPOGAI:. tekrassiee ste BD 91 109 Lys 52 [48] 
mary culture, green- 
producing  strepto- | Influenza—death........ 3 iS 0 5 100 
cocci, hemolytic | Influenzal pneumonia— 
streptococci, staph- GEAUI Stora sonia ectc cists 39 78 24 54 69 
ylococei = = ——= — — 
DOC crema Waneks aie 42 83 24 59 [11] 
Total all strains....... 133 192 81 111 58 
Vein—primary culture, 
green-producing 
streptococci, hemo- 
lytie streptococci Total all strains....... 9 19 5 14 74 
Grand total (111 cases) 142 PAE 86 125 59 


54%. The average mortality in the 55 animals injected with 44 strains 
from patients who recovered was 45% in contrast to a mortality of 
63% in the 54 guinea-pigs injected with 23 strains from patients who 
died. The results following intraperitoneal injection were similar. 
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The average mortality in 83 guinea-pigs injected with 66 strains was 
only 9% higher, 63%, than following intratracheal injection. The 
average mortality in 54 guinea-pigs injected with 47 strains from 
patients who recovered was 50%, in contrast to a mortality of 86% in 
the 29 guinea-pigs injected with 19 strains from patients who died. 
A summary of the results following these two methods of injection 
gives a total average mortality of 58% in 192 guinea-pigs injected with 
133 strains from 111 cases, the average mortality in 109 guinea-pigs 
injected with 91 strains from patients who recovered being 48% in 
contrast to the mortality of 71% of the 83 guinea-pigs injected with 
42 strains from patients who died. The average mortality following 
intravenous injection of 19 guinea-pigs with 9 strains was 74%. The 
grand total average mortality in 211 guinea-pigs injected with 142 
strains, derived from 111 cases, was 59%. 

It would seem from these facts that the virulency of the strepto- 
cocci in patients who recover is less marked than in patients who die. 


GENERAL DISCUSSION AND SUMMARY 


The animal experiments that have been carried out heretofore 
with bacteria isolated quite constantly in influenza, both in 1889 and 
1918, have consisted largely of virulency and toxicity tests in which 
only the usual methods of injection were used, and in which sufficient 
attention was not directed to the time and method of cultivation before 
injection. Statements have appeared concerning the high virulency 
of organisms of the streptococcus group *.‘ and the ability of influenza 
bacilli to produce highly toxic products in cultures ** and a tendency 
to produce lesions in the lung,” * but little has been accomplished in the 
way of reproducing the clinical and pathologic picture of epidemic 
influenza. 

Intratracheal injection has been employed only occasionally in pre- 
vious studies despite the fact that by this manner of injection of highly 
virulent pneumococci Lamar and Meltzer *° have produced the typical 
picture of lobar pneumonia in the dog, Winternitz and Hirschfelder ** 
in the rabbit, Cecil and Blake * in the monkey, and Wollstein and 
Meltzer ° produced bronchopneumonia in the dog with bacteria iso- 
lated from bronchopneumonia in man. 

The results of subcutaneous, intraperitoneal and intravenous injec- 
tions, in my hands, show that the bacteria, particularly green-producing 
streptococci, isolated quite constantly in epidemic influenza possess 
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high and peculiarly invasive powers. They have a marked tendency 
to produce leukopenia, to localize electively in the interstitial tissues 
and epithelial cells of the alveoli and smaller bronchi, and to produce 
hemorrhage and edema in the lungs, as symptoms of anaphylaxis and 
emphysema of the lung usually develop. Significant as these facts are, 
an accurate analysis of the effects of the bacteria and the precise role 
they play in influenza was possible only by the use of methods which 
simulated more closely the natural conditions, through the application 
of the bacteria to the normal uninjured epithelium of the lower respira- 
tory tract by the method of intratracheal injection. The guinea-pig 
was considered the most suitable animal available for this study. Its 
resistance to streptococcal infection, although higher than that of man, 
its reaction to bacterial poisons and anaphylaxis are in general quite 
similar. | 

There has been much discussion, based chiefly on the results of 
cultures, with regard to the relative importance of the four main types 
of bacteria isolated in this disease, green-producing streptococci, 
including pneumococci, hemolytic streptococci, staphylococci and influ- 
enza bacilli. By a combined study of intraperitoneal injection in mice 
and guinea-pigs and intratracheal injection in guinea-pigs of sputum 
and lung exudates directly, and of the primary mixed culture of 
standard dosage a fair knowledge of the degree of the invasive power 
of these bacteria has been obtained. Invasion by the green-producing 
streptococcus in pure or almost pure form occurred in most instances 
even when the bacteria were not present in predominating numbers in 
the material injected. In some instances invasion by hemolytic strepto- 
cocci occurred, but usually only when they were present alone or in 
predominating numbers, and more rarely by staphylococci, but only 
when they were present in predominating numbers in the material 
injected. Invasion by influenza bacilli following injection of sputum 
or lung exudate, which in some instances was proved to contain influ- 
enza bacilli, has not occurred in a single experiment. Similar results 
regarding the relative invasive power of these species have been 
obtained by injections of pure cultures of each, and again the inde- 
pendent invasive power of influenza bacilli was found to be slight. It 
should be emphasized that while it was necessary to use rather large 
doses for routine injections, owing to the relatively high and variable 
resistance of guinea-pigs and marked variations in invasive powers of 
the strains, small numbers of the more virulent streptococci sufficed to 
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produce characteristic lesions. They followed intratracheal application 
of filtrates, intranasal insufflation of particularly virulent cultures and 
in a few instances through contact infection from guinea-pigs injected 
with especially virulent cultures. 

The effects of intratracheal injection of mixtures of these organisms 
as they occurred in sputum and primary cultures and of pure cultures 
of recently isolated strains, varied within wide limits. The animals 
may be classified in four groups as follows: 

Group 1. Animals that showed slight symptoms and_ then 
recovered. 

Group 2. Animals that showed mild early symptoms and later 
suffered severe attacks. 

Group 3. Animals that showed severe and progressive symptoms 
of marked lung involvement. 

Group 4. Animals that showed extreme and rapidly fatal effects. 

Group 1—The symptoms of the animals in this group were rela- 
tively slight, consisting in the main of moderate illness, loss in weight, 
usually some fever, moderate leukopenia, and slight or moderately 
increased respirations for a number of days, followed by complete 
recovery. The animals were found to be immune to subsequent injec- 
tions of heterologous strains. Those anesthetized for examination 
showed relatively slight or no lung involvement; the blood was sterile 
and the lungs were either sterile or contained a few of the organisms 
injected. These findings may be considered to paraliel the clinical 
findings in patients with relatively mild influenza in whom little or no 
' lung involvement can be demonstrated and in whom relative immunity 
is conferred as in the animals. 

Group 2.—In the animals in this group the initial effects of the 
injection were more pronounced and lasted longer than those in the 
animals of group 1. Some of the animals, after apparent recovery, 
developed severe symptoms of respiratory involvement and died in 
from one to two days with anaphylactic symptoms, voluminous lungs, 
and hemorrhagic bronchopneumonia or, more rarely, from hemorrhagic 
pleuritis. In others the symptoms of respiratory embarrassment pro- 
gressed more slowly; many of the animals developed rhinitis, and later 
died from purulent bronchitis and well-defined bronchopneumonia, 
often with small abscesses, and more rarely from abscess and gangrene, 
or from emphysema with or without bronchopneumonia. The cultures 
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from the animals that died of relatively acute symptoms in the pneu- 
monic attack usually showed green-producing streptococci, the pneu- 
monic lung showing localized abscesses or abscess, usually staphylo- 
cocci, or staphylococci and streptococci, and the empyemas usually 
hemolytic streptococci with or without staphylococci. The findings in 
this group may be regarded as representative of the findings in the 
group of patients with the more severe influenzal attacks who later 
develop influenzal pneumonia or, more rarely, well-defined coalescing 
bronchopneumonia with slight hemorrhagic edema, but with purulent 
bronchitis and localized abscesses or a single large abscess, or of 
empyema with or without bronchopneumonia. 

Group 3.—In this group the initial symptoms were severe and 
usually progressed without intermission until death occurred in from 
two or three days from an increasing intense cyanosis and respiratory 
rate-or from marked respiratory embarrassment from anaphylactoid 
symptoms during which in many instances, hemorrhagic edematous 
fluid escaped from the nose while the animals made violent efforts to 
breathe. The lungs were huge, in a few cases interstitial emphysema 
had occurred and extensive consolidation consisting of coalescing areas 
of pneumonia of different ages and intervening areas of hemorrhagic 
edema. The blood was dark and remained liquid for a long time. The 
postmortem and microscopic findings in this group were in every way 
like those described as typical of acute influenzal pneumonia in man. 

Group 4—In this group extreme dyspnea often occurred almost 
immediately after injection of highly virulent cultures and their fil- 
trates. The symptoms were quite typical of acute anaphylaxis and 
many of the animals died while making violent efforts to breathe, as a 
bloody fluid ran from the nose and mouth. The lungs were huge, a 
dark purplish red, and hemorrhagic and edematous throughout. The 
symptoms and postmortem findings resembled very closely those noted 
in patients who died soon after being taken ill, usually in the initial 
attack of acute hemorrhagic edema of the lungs before sufficient time 
had elapsed for the development of extensive consolidation. 

The distress from lack of oxygen, the intense cyanosis, and the 
extreme efforts at respiration of many animals in the latter two groups 
resembled the picture presented by patients dying from a rapidly filling 
lung who copiously expectorated a serous, bloody, frothy fluid, and 


who frequently sat up or left their beds in making violent efforts to 
breathe as death occurred. 
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The experiments with the filtrates show that under the proper con- 
ditions green-producing streptococci may become sufficiently small to 
pass through bacterial filters which prevent the passage of Bacillus 
prodigiosus, and that small numbers of the streptococci, when applied 
to the normal mucous membrane of the lower respiratory tract, are 
sufficient to produce the characteristic symptoms and_ pathologic 
changes in the lungs of guinea-pigs. Moreover, the results of the 
experiments with filtrates of cultures, pneumonic lungs, and sputum, 
and those on the mechanism of respiratory involvement show that the 
strains from influenza which have high invasive powers also have the 
power to produce anaphylatoxin in large amount, as measured by intra- 
tracheal injection. Many findings in influnza, such as the expanded, 
hyperresonant, relatively immobile thorax, cyanosis, the sharp leuko- 
penia, the delayed coagulability of the blood, and the voluminous lung 
appear to be expressions of an anaphylactoid intoxication. 

The results obtained following injection of guinea-pigs with influ- 
enzal material were so definite and so striking as to rule out quite 
effectively the possibility of spontaneous infection. However, this 
possibility was considered throughout the series of experiments. Only 
vigorous healthy looking pigs were used. No epidemic of pneumonia 
occurred among the reserve supply. The patchy areas of chronic 
bronchopneumonia, usually situated in the anterior lobes noted in 
guinea-pigs, at times were easily differentiated from the acute lesions 
due to the injections by their appearance and by the fact that cultures 
in the former condition nearly always showed Bacillus bronchisep- 
ticus: Control injections of salt solution and broth were without effect, 
and finally similar results followed intratracheal injections of influenzal 
material in other species (rat, rabbit, cat and monkey). 

The effects following injection of the control strains of green- 
producing streptococci, hemolytic streptococci, staphylococci, and type 
pneumococci in like dosage were quite different. The immediate symp- 
toms were less marked or absent, the mortality rate was much lower, 
leukopenia rarely occurred, leukocytosis was the rule, respirations while 
rapid in some instances, were usually free and easy, prolonged anaphy- 
lactoid symptoms did not occur, and hemorrhages from nostrils were 
not observed. The lungs were smaller, the exudate more cellular, the 
areas of consolidation occurred earlier and were more definitely out- 
lined, and there was either no edema or relatively slight hemorrhagic 
edema at all times; marked necrosis of alveolar capillaries and epi- 
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thelium were also absent. The contrast between the gross and micro- 
scopic picture ‘of the lung following injections of highly virulent green- 
producing streptococci from influenza and of type pneumococci was 
particularly striking. In the former there was huge dilatation of the 
lung and alveoli, marked desquamation and degeneration of alveolar 
epithelium, necrosis of alveolar capillaries associated with peripherally 
placed streptococci in large numbers, and hemorrhage and edema every- 
where with relatively slight leukocytic infiltration. In the case of type 
pneumococci the striking findings were moderate distention of the lung 
and alveoli with slight degeneration of epithelium and little change in 
interalveolar capillaries, but with marked diffuse, sharply demarkated, 
highly cellular exudate filling the alveoli, with the pneumococci diffusely 
distributed in the exudate, and with little edema. 

The occurrence of marked lesions of the lungs, including well- 
marked pneumonia following injection of pure cultures of staphylococci 
and the presence of staphylococci in areas of softening in lungs injected 
with mixtures, and in large numbers in the sputum in some cases, but 
more particularly in the lung exudate after death, are in accord with 
the findings of Chickering and Park in Staphylococcus aureus pneu- 
monia, and emphasize anew the importance of the staphylococcus as a 
cause of death and a factor in the production of lesions in the lung 
in epidemic influenza. 

The theory that influenza and influenzal pneumonia are manifesta- 
tions of the same infection varying only in degree is supported by these 
experiments. The bacteriology of the sputum and other exudates in 
influenza and of the early stages in influenzal pneumonia have been 
found to be identical. The infecting powers of the strains isolated in 
these two conditions, particularly of the green-producing streptococci, 
have been found to be very similar. The mortality in the guinea-pigs 
injected with strains from influenza is as high as in those injected with 
strains from patients with influenzal pneumonia who recovered. The 
mortality in the guinea-pigs was proportionately higher in those 
injected with material from patients who died than in those injected 
with material from patients who recovered. The leukocyte curves in 
the fatal and nonfatal infections in the guinea-pig ran parallel with 
the leukocyte curves in fatal and nonfatal infections in persos. 

From a study of 266 cases of influenza and influenzal pneumonia 
in which accurate record of the exact onset of the attack was obtain- 
able it was found that 145 patients either had no preceding influenzal 
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attack or developed outspoken signs of pneumonia within three days 
from the onset of symptoms; 108 became ill with pneumonia after an 
interval of from four to nine days, and 13 only had an interval ranging 
from ten to twenty-one days. The number of patients who developed 
outspoken signs of lung involvement in the initial attack and without 
a quiescent interval is therefore large, and in general similar to that 
noted by others. By means of the more refined methods of examina- 
tion, such as the roentgen ray, the incidence of lung findings in the 
primary influenzal attack has been greatly increased. Indeed, the 
manifestations of the disease and the bacteriologic findings in some 
instances have led good clinicians to regard the so-called complications 
as the disease itself,° and bacteriologists to look on the “secondary 
invaders” as the cause of sharp outbreaks.’ 


Through a painstaking study of the infecting powers of the strepto- 
cocci in influenza and influenzal pneumonia throughout several epi- 
demic waves, it has been possible to reproduce in animals, by various 
methods of injection, but particularly by intratracheal injection, the 
picture of influenza as seen in man. The symptoms both of influenza 
and influenzal pneumonia have been closely simulated in these animals 
as far as possible. Likewise, the gross and microscopic changes which 
have come to be regarded as quite characteristic of influenzal infection 
have been reproduced. The same varied picture that often supervenes 
in the latter stages of influenzal pneumonia in man, such as leukocy- 
tosis as evidence of pleural involvement and purulent infection, 
becomes manifest and the varied pathologic picture in the lung of 
patients who died late have been noted in guinea-pigs injected intra- 
tracheally with these strains. The tendency to involvement of the 
female generative organs, with a high mortality in pregnancy and a 
high incidence of abortion, of lesions of the heart, abscess in the rectus 
muscle, and interstitial emphysema have been noted ‘in the experi- 
mental animal quite as they occur in man. 
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EXPLANATION OF PLATES 


PLaTE 1 


Fig. 1.—Lung of normal guinea-pig weighing 350 gm., killed with ether. Total volume 
of lung 5.5 cc, weight 3.5 gm. (X 1). 


Vig. 2.—Lung of guinea-pig 1345, weighing 400 gm., showing acute hemorrhagic edema 
2% hours after intratracheal injection of a culture of green-producing streptococcus from 
influenza in the fourth culture generation. Total volume of lung 23 cc, weight 18 gm. 
(X 1). ; 


Fig. 3.—Lung of guinea-pig 1249, weighing 380 gm., showing massive pseudolobar pneu- 
monia 48 hours after intratracheal injecton of the primary culture of green-producing strep- 
tococcus from the blood of a fatal case of influenzal pneumonia (case 3171). Total volume 
of lung 26 cc, weight 21 gm. (X 1). 


Fig. 4.—Lung of guinea-pig 1448, showing lobar pneumonia 48 hours after intratracheal 
injection of type IL pneumococcus; total volume of lung 14 cc, weight 12 gm. (x 1). 


PLATE 2 


Fig. 5—Lung of guinea-pig 737 that died 24 hours after intraperitoneal injection of 
sputum from case 2607. Note the large size (12 cc) compared with the lung shown in 
figure 1, and the hemorrhage and edema over the posterior aspect (X 114). 


Fig. 6.—Lung of guinea-pig 1335 injected intratracheally with culture from sputum 
(case 2623) 40 minutes before death occurred with symptoms of acute anaphylaxis. Total 
volume of lung 20 ce. Note the extreme hemorrhage and edema (X 1). 


Fig. 7.—Lung of guinea-pig 957 injected 6 days previously with hemolytic streptococci 
from case 2798. Note the marked thickening of the pleura (X 1). 


Fig. 8.—Lung of guinea-pig 944, injected two weeks previously with hemolytic strepto- 
cocci from case 2787, showing a large gangrenous abscess, numerous small abscesses in the 
cut surface of the right diaphragmatic lobe and marked pericarditis ( 1). 


Fig. 9.—-Photograph of uteri of three guinea-pigs, laid open ‘presenting anterior view, 
illustrating the type of lesions noted in this organ following injection of influenzal material. 
Note the hemorrhages in the mucous membrane of the left horn of the uterus of guinea- 
pig 861 and both horns of guinea-pig 990, and their absence in the cervix and vagina, the 
hemorrhagic fetal masses and the localized edema, and infiltration of the endometrium 
marking placental attachments in guinea-pig 940 (X 1). 


PrAtE. 3 


Fig. 10.—Section of the lung of guinea-pig 737, injected intraperitoneally with the sputum 
of case 2607. Note the marked dilatation of alveoli, congestion of the capllaries, and the 
alveolar and interstitial edema and hemorrhage. Hematoxylin and eosin (X 100). 


Fig. 11.—Sections of the lung of guinea-pig 737, shown in figures 5 and 10; (a) diplo- 
cocci beneath the epithelial cells in the alveolar wall and just outside of a capillary; (b) 
chain of diplococci in alveolar wall where epithelial cells have desquamated; (c) diplococci in 
an epithelial cell in its normal position, but showing disintegration of the nucleus in the 
wall of an alveolus with hemorrhage; (d) diplococci in desquamating epithelial cell. Gram- 
Weigert (X 1000). 

Fig. 12.—(a) Section of lung of case 2800 showing marked hemorrhagic edema; (b) lung 
of guinea-pig shown in figure 2 with dilatation of alveoli, marked hemorrhagic edema, and 
dissolution of parenchymatous cells. Hematoxylin and eosin (X 100). 


PLATE 4 


i i i i ti i lular 

. 13.—Section of lungs showing (a) hemorrhagic edema with relatively slight cell 
cies and marked destruction and desquamation of the bronchial epithelium in case 2800, 
‘and (b) in guinea-pig 956 twenty-four hours after intratracheal injection of the culture of 
green-producing streptococcus from a single colony from the throat in this case. Hematoxylin 

and eosin (X 100). 
Fig. 14—(a) Diplococci in the lung of case 2800 shown in figures 12 and 13; (b) diplo- 
cocci in the lung of guinea-pig shown in figure 12; (c) diplococci distributed along the alveolar 

lining of the alveoli in the lung shown in figure 13b. 


PuaTte 5 


i 5— f guinea-pig shown in figure 3; marked hemorrhagic edema, dilatation of 
ene Hee tien Sad disiteeration of the alveolar epithelium, necrosis of capillary 
epithelium with relatively slight leukocytic infiltration, and many diplococci lining the alveolar 
walls; (a) hematoxylin and eosin (X 100); (b) is or eee ee Manel 

Fi —ti x monkey 228 injected intratracheally with the emulsion of the hemor- 
Pt aeatrone of tie sorick in case 2979, Note the hemorrhagic edema, des- 
guamation of the epithelial cells of the alveoli and ductus alveolaris, and the diplococci 
chiefly along the alveolar lining; (a) hematoxylin and eosin (X 100); (b) Gram-Weigert 


(x 1000), 


PLaTeE 6 


Fig. 17.—Section of the lung of guinea-pig 965 injected intratracheally with a culture 
from the vaginal swab in case 2809. Note the dilatation of the alveoli, the marked edema 
and hemorrhage, the relatively slight cellular infiltration, and the large number of diplococci 
in the hemorrhagic and edematous areas; (a) hematoxylin and eosin (X 1000); (b) Gram- 
Weigert ( 1000). 

Fig. 18.—Section of consolidated right diaphragmatic lobe of lung shown in figure 4. 
Note the marked and uniform cellular, chiefly leukocytic infiltration, relatively slight edema, 
and the even distribution throughout the alveolar exudate of the pneumococci; (a) hema- 
toxylin and eosin (X 100); (b) Gram-Weigert (xX 1000). 
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Fig. 19. — (a) High power photomicrograph of the lung of guinea-pig 1249 (figures 3 
and 15) showing marked dilatation of alveoli, necrosis of capillary endothelium, desquama- 
tion and degeneration of the alveolar epithelium, and slight leukocytic iinfiltration. _Hema- 
toxylin and eosin (xX 500). (b) Section of consolidated lobe of lung of guinea-pig 1448 
injected with type II pneumococcus. Note the lesser dilatation of alveoli; the marked leuko- 
cytic infiltration, absence of necrosis of endothelial cells lining the alveolar capillaries, and 
the lesser damage to alveolar epithelium, Hematoxylin and eosin (X 500). 


Fig. 20.—Section of lung of guinea-pig 947 injected intratracheally with the primary 
culture of the throat swab from Case 2800, which died 24 hours after injection with com- 
pressed lung from hemorrhagic fluid in the pleural cavities. Note the marked hemorrhage 
and edema and the poorly staining cells throughout, and the dark areas beneath the pleura 
and around the large blood vessels. Hematoxylin and eosin (X 50). 


PraTteE 8 


Fig. 21.—(a) Section of lung of guinea-pig 1262, injected into the trachea with the sputum 
of case 3175. There was a moderate amount of turbid hemorrhagic fluid in the pleural sac 
and a corresponding tendency of the bacteria to localize in the subpleural lymphatics as 
shown in the dark areas. Note the marked dilatation of the alveolar ducts and the alveoli, 
and the edema, hemorrhage, and desquamation of cells with relatively slight cellular infiltra- 
tion throughout. Hematoxylin and eosin (X 100). (b) Diplococci and cocci in hemorrhagic, 
edematous areas. Gram-Weigert (* 1000). 


Fig. 22.—Photomicrograph of diplococci in the edematous and hemorrhagic subpleural 
space of the pleura of the fetus in case 3175. Gram-Weigert (x 1000). 


STUDIES IN INFLUENZA AND PNEUMONIA 


STUDY VIII. EXPERIMENTS ON THE ETIOLOGY OF “GASTRO- 
INTESTINAL” INFLUENZA 


E. C. RoseEnow 
Division of Experimental Bacteriology, The Mayo Foundation, Rochester, Minnesota. 


Symptoms of gastro-enteritis, alone or in association with respira- 
tory involvement, have occurred with such regularity during the course 
of epidemics of influenza and the accompanying prostration has been 
so pronounced, that a gastro-intestinal type of this disease has come 
to be quite generally +ecognized. Kuskow cites cases of his own and 
of others in which lesions of the gastro-intestinal tract were found, 
varying from simple enteritis with the swelling of Peyer’s patches 
and hyperplasia of mesenteric lymph glands to severe ulcerative and 
hemorrhagic gastro-enteritis. Bacteriologic studies, however, are quite 
lacking ; no one has demonstrated bacteria in the lesions, and many 
regard the severe cases as due to enteritidis-like organisms. The 
investigations of Sherwood, Downs, and McNaught do not support 
the latter view since this type of organism was isolated in cases of 
influenza without symptoms referable to the gastro-intestinal tract 
and in those with symptoms. I shall report herewith the results of a 
study of a series of cases of gastro-enteritis, including one fatal case, 
which occurred during the first two waves of the epidemic of 1918. 

The incidence of gastro-enteritis during the first wave was quite 
high; it was more common in children, but occurred also in adults. 
The symptoms varied greatly, but prostration and high fever were 
the striking features. In some instances the symptoms referable to 
the gastro-intestinal tract occurred without accompanying respira- 
tory involvement; in most instances more than one member of a given 
family were affected. Cultures from the stools, usually from only 
one specimen taken at the height of the attack, were made in 15 cases 
during the first wave. Flakes of bloody mucus were fished out and 
washed in salt solution and plating on blood-agar made. Varying 
numbers of green-producing streptococci resembling those from the 
sputum in influenza were isolated in 9 instances and hemolytic strep- 
tococci were isolated in 2. Influenza bacilli were not isolated. Smears 
from flakes of bloody mucus often showed a large number of gram- 
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positive diplococci resembling those from the sputum. Owing to 
stress of other work no ahimal experiments were made at this time. 


During the second wave opportunity presented itself for the study of. 


one fatal case and one other case in the same family. The findings 
in detail are: 


Case 2979,—A boy aged 3, a patient of Dr. C. T. Granger, after hav- 
ing had symptoms of a slight sore throat for several days, suddenly became 
ill Feb. 3, 1919, with vomiting, diarrhea, high fever and delirium. The stools 
showed blood on the first day; this continued and he passed almost pure blood 
and mucus at times. He grew gradually weaker, vomited blood February 9 
and died the following day. Dr. Peters brought the internal viscera to me 
for examination. The lungs revealed marked hypostatic congestion, moderate 
edema, but no outspoken areas of consolidation. The stomach contained a 
moderate amount of dark red, partially clotted, blood. The mucous membrane 
was covered with chocolate colored blood mixed with mucus. This was removed 
and numerous small hemorrhages with beginning ulceration, more numerous 
in the pyloric end, were found. The duodenum was normal. The mucous 
membrane of the ileum was extensively hyperemic throughout and was covered 
with mucopurulent bloody material; numerous punctate hemorrhages and in 
places beginning ulceration were found. The mesenteric lymph glands were 
edematous and hemorrhagic. The kidneys showed marked cloudy swelling; 
the spleen and heart were normal. Blood-agar plate cultures of an emulsion 
of the hemorrhagic mucous membrane of the stomach contained fully 5,000 
rather moist, green colonies of bacteria resembling pneumococci and 5 colonies 
of staphylococci. The emulsion of the mesenteric lymph glands contained 
260 colonies of green-producing streptococci, 4 of staphylococci, and a num- 
ber of colonies of Bacillus coli. Emulsions of the washed intestinal wall 
revealed 120 colonies of green-producing streptococci, 50 colonies of staphylo- 
cocci, and 30 colonies of Bacillus coli. Cultures of the spleen were negative. 
In sections made through the hemorrhagic areas in the ileum were found 
wedge shaped and diffuse areas of hemorrhage in the mucosa, with only 
moderate infiltration and edema, and in some instances with superficial ulcera- 
tion of the mucosa (fig. 1). A large number of gram-positive diplococci were 
found throughout the hemorrhagic areas, but were most numerous near or on 
the surface of the ulcerated area (fig. 2a). The hemorrhagic areas in the 
stomach showed a similar picture; they contained a large number of gram- 
positive diplococci. In either case few or no diplococci were demonstrable in 
the tissues without lesions. 


Feb. 12, 1919, the primary culture in dextrose-brain broth of the emulsion 
of a mesenteric lymph gland was injected, under ether, through a laparotomy 
incision into the duodenum of one guinea-pig. The leukocyte count was 
25,000 before injection. The animal was found dead the following day. Exam- 
ination revealed 7,200 leukocytes, fibrinous and clotted blood deposit about the 
point of puncture of the duodenum, a normal intestine above this point, and 
an extremely hyperemic intestine below. The lumen of the intestine contained 
a large amount of mucus mixed with chocolate colored blood. The mesenteric 
lymph glands were edematous. The mucous membrane of the stomach, the 
uterus, and the cecum was hyperemic and contained a few hemorrhages. The 
primary culture in glucose-brain broth of the stomach emulsion of the patient 
was injected in doses varying from 0.1 to 1.5 cc, intratracheally into one 
monkey and 5 guinea-pigs, and intravenously into one rabbit. The guinea- 
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pig that was given 0.5 cc and the one’ given 1 cc died in twenty-four hours. 
Both had hemorrhagic edema of the lungs and hemorrhagic pleuritis; one 
had marked lesions of the intestine and stomach, the other slight lesions. 
The other 3 animals were chloroformed for examination the third day. All 
had bronchopneumonia, one had a large amount of turbid fluid in the pleural 
cavity, and 2 had lesions of the intestinal tract; cultures from the lung of one 
of these were agglutinated specifically by the monovalent antistreptococcus 
serum. One of the guinea-pigs had leukopenia, 1 leukocytosis, and in 2 there 
was no change in the leukocyte count. The monkey died in twenty-four hours. 
Examination revealed hemorrhagic edema of the intermediate lobe, marked 


Fig. 1.—Photographs of lesions of the pancreas, intestine, stomach, and Peyer’s patches 
following injection of green-producing streptococcus from influenza. X I : 

a. Pancreas of guinea-pig forty-eight hours after intravenous injection of a strain after 
one animal passage. Note the edema, hemorrhage, and fat necrosis; X I. 


b. Ilium of rabbit twenty-four hours after intravenous injection of a strain in the third 
animal passage. Note the numerous circumscribed hemorrhages in the mucous membrane; X I. 


c. Edema and extensive hemorhages in the stomach of a guinea-pig fifteen days after 
intratracheal injection of a strain in the third subculture; x 0.5. 


d. Swelling and hemorrhages of Peyer’s patches and the mucous membrane of the 
duodenum in the ileum and duodenum of rabbit forty-eight hours after intravenous injection 
of a strain in the fourth animal passage. 


distention of the stomach with gas rich in carbon dioxid, edematous and 
hemorrhagic Peyer’s patches and mesenteric lymph glands, and hyperemia and 
edema of the mucous membrane of the small intestine, especially in the ileum, 
where it was covered with mucus containing flakes of blood. The leukocyte 
count dropped from 35,000 before injection to 7,200 after death. The blood 
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contained a moderate number of green-producing streptococci and staphylo- 
cocci; the upper intestinal contents, a moderate number of staphylococci and 
green-producing streptococci; the lower intestinal contents, colon bacilli only. 
Cultures from two mesenteric lymph glands, the kidney, and the peritoneum 
were negative. Sections of the lower ileum contained subperitoneal hemor- 
rhages and areas of hemorrhage in the mucous membrane showing desquama- 
tion of epithelium but no distinct ulceration. A large number of gram-positive 
diplococci were found in the hemorrhagic areas of the mucous membrane 
(fig. 3), a smaller number in the subserous hemorrhages, but none in the 
adjoining normal tissue. The rabbit injected intravenously with the primary 


Fig. 2.—Photomicrograph of section of ileum in case 2979. Note the loss of tissue, infiltra- 
tion by erythrocytes and leukocytes; hematoxylin and eosin, < 100. 


culture from the stomach emulsion developed diarrhea and died three days 
later. Examination revealed two areas of bronchopneumonia posteriorly in 
the diaphragmatic lobes, hyperemia of the small intestine, swollen Peyer’s. 
patches and lymph follicles, much mucus in the intestine, edematous mesen- 
teric glands, embolic lesions in the medulla of the kidney, and a few lesions 
in the myocardium and skeletal muscles. Cultures from the blood were nega- 
tive and those from the pneumonic areas in the lung contained green-producing 
streptococci and staphylococci. 


Case 2981.—A baby girl aged fifteen months, sister of the patient whose 
case (case 2979) is first recorded, became ill Jan. 9, 1919, with vomiting, 
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high fever (104 F.), and diarrhea six days after her brother had been 
taken sick. January 11, the child was apathetic, and fussy; the fever and 
diarrhea continued, and the leukocyte count was 5,400. The skin was dry 
and without rash, and there was no throat infection; the abdomen was 
scaphoid; and the stool consisted largely of blood-tinged mucus resembling 
pus. The diarrhea continued for five days, after which the child gradually 
recovered. Cultures were made from the tonsils, and from four samples of 
bloody mucus in the stool. The cultures from the tonsils showed the usual 
streptococcal flora. The blood-agar plates of the bloody mucus contained 
countless numbers of Bacillus coli, a few staphylococci, and rather moist, 
green-producing colonies of streptococci. Three guinea-pigs were injected, 
one intrarectally, one intratracheally with a salt solution suspension of the 
bloody mucus, and one with the pure culture of green-producing streptococcus 
in the second generation. The guinea-pig injected intrarectally appeared well 


Fig. 3.—Diplococci in ulcerating area shown in figure 2 at a and b. 


the following day when it was chloroformed. In the cecum were a large 
number of small hemorrhages and swollen lymphoid follicles; in the stomach, 
large circumscribed areas containing small punctate hemorrhages surrounding 
the cardiac orifice; and in the duodenum a few hemorrhages in the mucous 
membrane just beyond the pyloric ring. Cultures from the blood, adrenal. 
spleen, kidney, and liver were negative; staphylococci and green-producing 
streptococci were produced from the mesenteric and perigastric lymph glands, 
and from the lung. Sections of the hemorrhagic areas in the duodenum showed 
marked extravasations of red blood corpuscles, especially in the submucosa 
in which a large number of diplococci were found. In the guinea-pig injected 
intratracheally with a suspension the leukocyte count dropped 66 per cent. the 
following day. The temperature increased 2 degrees, and respirations increased 
slightly. The animal appeared well four days later when it was chloroformed. 
The transverse colon and cecum were found to be extremely hyperemic; the 


94 E. C. Ros—ENow 


intestinal contents contained an abnormal amount of mucus, but otherwise 
showed no lesions; there was a large subcapsular hemorrhage in the lower 
pole of the left kidney, consolidation of the upper one-third of the right dia- 
phragmatic lobe, and marked congestion and mucopurulent material in the 
mucous membrane of the trachea and nose. Cultures from the blood and the 
uterus were negative; the mucous membrane of the nose and trachea contained 
a large number of green-producing streptococci and staphylococci. In the 
guinea-pig injected with the pure culture of the green-producing streptococcus 
a diminution of 33 per cent. in leukocyte count and a slight increase in 
respiration occurred the day following the injection. Two days after the 
injection, when the animal appeared quite well, it was chloroformed. Exam- 
ination revealed uniform grayish areas of consolidation of the right dia- 
phragmatic lobe, a few hemorrhages in the mucous membrane of the stomach 


Fig. 4.—Section of the ileum of a guinea-pig injected intrarectally with a suspension of 
hemorrhagic mucus from the stool in case 2981. Hemorrhage and infiltration and thrombosis 
of vessel in subperitoneum by leukocytes and by swollen degenerating, desquamated endo- 
thelium; gram-positive diplococci in the area of infiltration in the submucosa. a., Hematoxylin 
and eosin, X 100; b. Gram-Weigert, 1000. 


along the lesser curvature and cardiac end, but no lesions of the intestine. 
The cultures from the lung contained a moderate number of colonies of 
staphylococci and green-producing streptococci. 


Many green-producing streptococci were isolated from the lesions 
in the intestines of the patient with the fatal gastro-intestinal infection 
(case 2979), and from stools in the sister of this patient whose 
attack was milder and who recovered (case 2981). These attacks 
occurred at a time when influenza was epidemic in the surrounding 
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community. The organism was present in large numbers in the lesions 
of the intestines and stomach, and absent in the normal tissues. Injec- 
tion of the freshly isolated strains from these 2 patients into 14 
animals produced well marked lesions, in the gastro-intestinal tract, 
in 12 in which the organism was demonstrable in large number; the 
lesions were similar to those noted in the patients. In view of these 
facts there can be no reasonable doubt that this organism was the 
cause of the gastro-enteritis in these patients. Lesions of the gastro- 
intestinal tract following injection of streptococci isolated in influenza 
were noted only occasionally, but they occurred more often after 


Fig. 5.—Section of transverse colon of a rabbit injected intragastrically with a strain in 
the fourth animal passage; marked infiltration by red blood corpuscles throughout the 
mucosa; gram-positive diplococci in the interstitial tissue between the acini. a, Hematoxyln 
and eosin X 100; b, Gram-Weigert, x 1000. 
one or more animal passages. Thus from a series of 176 animals 
(guinea-pigs, rats, and dogs) injected in various ways with strains 
from influenza, outspoken hemorrhages of the stomach were noted 
in 9, hemorrhages or other lesions of the intestines in 12, and hemor- 
rhagic pancreatitis in 5. Cholecystitis did not occur in a single case. 
The hemorrhages followed injection of the strains as isolated from 
influenza in 6 instances; the others occurred in animals injected with 
strains after from one to four animal passages. The lesions of the 
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stomach consisted usually of multiple punctate hemorrhages varying 
in size, but whether.small or large they usually involved considerable 
areas (fig. 4). Marked edema, and at times necrosis with beginning 
ulceration of tissue was often associated with the hemorrhages. Post- 
mortem digestion was often marked. Sections and cultures made in 
some instances showed that the lesions were the result of localization 
of streptococci and not due wholly to general toxic effects. More- 
over, in nearly all instances the hemorrhage in the stomach occurred 
only when the virulence was high and when streptococci were isolated 
from the blood after death. Besides the swelling, hemorrhage, and 
the edema of Peyer’s patches, lymphoid follicles, and mesenteric lymph 
glands, the most common lesions of the intestinal tract consisted of 
small but usually numerous hemorrhages of the mucous membrane 
or submucosa. The hemorrhages were more common in the small intes- 
tine but occurred also in the cecum, transverse colon (fig. 4b), and 
in one instance in the appendix of a rabbit. The mucous membrane 
in the area showing hemorrhages was usually covered with a blood 
tinged mucus. Large amounts of mucus and fluid contents in the intes- 
tine were noted in some instances in which the mucous membrane was 
hyperemic. Peyer’s patches and the lymphoid follicles were swollen, but 
no hemorrhages could be made out. Only a few animals developed out- 
spoken diarrhea. Sections of the intestines through the hemorrhagic 
areas showed most of the hemorrhages to be in the mucous membrane. 
The areas were often wedge shaped, with the base toward the lumen, 
but they extended well into the deeper layers and mucosa, and in 
some instances into the submucosa. Superficial erosions were noted 
in some instances, but marked ulcerations were not found. In either 
case gram-positive diplococci were easily demonstrable throughout the 
areas, but not in the normal tissues. The diplococci were most numer- 
ous near the surface of the hemorrhage, as if the bacteria had been 
excreted into the lumen of the intestine, but at times they were found 
in large numbers in the deeper layers of the mucosa. Leukocytic 
infiltration was quite marked in some instances, and wholly lacking 
in others. Marked damage to the endothelium of the blood vessels 
was noted in many sections in, or adjacent to, the areas of hemor- 
rhage and infiltration. In some cases this was evidenced by swelling 
of the endothelium and irregular staining of the nuclei; in others by 
the occurrence of masses of desquamated, swollen endothelial cells, 
with fragmented nuclei, partly or completely plugging the lumina of 
fair sized vessels. This finding was similar to that of Kuskow in 
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lesions in the intestines in influenza in man. The lesions were par- 
ticularly common in the vessels in the subperitoneum. More rarely 
the vessels were filled with leukocytes in which only a few endothelial 
cells could be found (fig. 4a). Cultures from the upper intestinal 
contents, rich in mucus, and of emulsions of washed pieces of hemor- 
rhages from the mucous membrane: often yielded a large number of 
the green-producing streptococci, cultures from the lower respiratory 
tract usually only colon bacilli. Localization in the intestinal tract 
rarely occurred following the injection of the hemolytic streptococcus 
isolated in influenza, but in two instances in which hemorrhages were 
found, hemolytic streptococci were isolated in large numbers and diplo- 
cocci were demonstrated in the lesions. 

If lesions developed in the pancreas, they were usually severe, 
and always most marked in the head. They consisted of marked 
edema, diffuse and circumscribed hemorrhages usually associated with 
fat necrosis (fig. 4). Sections showed marked separation and degen- 
eration of parenchymatous cells, edema, hemorrhage, and moderate 
infiltration of interstitial tissue. Some of the capillaries and larger 
vessels were partially or completely plugged with desquamated and 
degenerating endothelial cells. Gram stains revealed many diplococci 
in the thrombosed vessels-and throughout the hemorrhagic and edemat- 
ous areas, but the organisms were not demonstrable in the lumina of 
vessels and in the tissues, which were unchanged. 

The islands of Langerhans were changed little or not at all, and 
were quite free from bacteria. The lesions noted following the injec- 
tion after animal passages of strains from cases in which there was 
no gastro-enteritis, were due to localization of streptococci and not 
wholly to general toxic effects. They were similar to those noted 
following injection of the two strains from the cases of gastro-intestinal 
influenza, similar to those found in persons during the pandemic of 
1889 to 1890, and the pandemic of 1918-1919 (Kuskow, Lucke, Wight 
and Kime). They occurred following intravenous, intraperitoneal, and 
intratracheal injection, and after introduction into the stomach, duode- 
num, and lower bowel. 

Localization in the gastro-intestinal tract was found to be due 
largely to peculiar qualities in the streptococci. It occurred in nearly 
all animals injected with strains from the patients who had similar 
lesions. It occurred even in different species after injection of some 
strains isolated from cases of respiratory influenza after one or more 


98 E. C. RosENow 


animal passages. Thus a strain that produced pancreatitis in a guinea- 
pig in the second passage produced this condition in the guinea-pig, 
rat and dog on intravenous injection in the third passage, a property 
which had disappeared in the fourth passage. The strain from case 
2979 was agglutinated specifically by the monovalent antistreptococcus 
serum from influenza. 

The experiments made as a basis of this study suggest that there 
is a true gastro-intestinal type of influenza and that green-producing 
streptococci similar to those isolated from the respiratory type of the 
disease but which tend to localize in the gastro-intestinal tract, are the 
chief cause. It is not to be concluded, however, that all symptoms in 
influenza referable to the gastro-intestinal tract are due to localization 
of bacteria in its mucous membrane. In experiments reported else- 
where ® it has been shown that the symptoms and findings in influenza 
are due in part to an anaphylactoid reaction; the severe vomiting 
and diarrhea noted at the outset of some cases may be an expression 
of this mechanism. 
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IN EPIDEMIC INFLUENZA 
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In a previous paper * it has been shown that the green-producing 
streptococcus isolated quite constantly in influenza and early in influ- 
enzal pneumonia has.peculiar and high invasive powers not possessed 
by the Streptococcus viridans or pneumococci normally present in 
the upper respiratory tract. By the intratracheal injection of this 
organism the findings which have come to be regarded as more or 
less characteristic of influenza have been reproduced. The severity of 
reaction, the degree of leukopenia, and the mortality in the animals 
were roughly proportional to the severity of the symptoms, the degree 
of leukopenia, and the mortality in the patients from whom the strains 
were isolated. In this paper I shall report the results obtained in 
the animals following successive animal passage of this strain, the 
changes induced in the bacteria, and correlate the findings with those 
noted in patients at different stages of epidemic waves of influenza. 

The changes wrought in the green-producing streptococci by suc- 
cessive intratracheal injections as measured by the leukocyte count 
and mortality are summarized in table 1. It was found that the leuko- 
cyte count made twenty-four hours after injection was quite repre- 
sentative of the total reduction in leukocytes, and hence it is used as 
a standard for comparison. The average count before injection and 
twenty-four hours after injection, the percentage of reduction in leu- 
kocytes, the percentage of animals developing leukopenia, leukocytosis, 
or no change in the number of leukocytes, respectively, and the mor- 
tality percentage were determined for each series of animals. The 
reduction in leukocytes, and the percentage of animals showing leuko- 
penia run roughly parallel with the mortality rate; the greater the 
former two, the greater the latter. The average percentage reduction 
in leukocytes in the first animal passage was 51, in the second 66, 
in the third 50, and in the fourth 38. The mortality percentage was 
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57, 100, 57, and 38, respectively. There were a progressive diminu- 
tion in the percentage of animals showing leukopenia from 92 to 47, | 
an increase in the animals showing leukocytosis, and no change in 
leukocytes in from 4 to 25 from the first to the fourth animal passage. 
I shall now consider the changes wrought in these strains as evi- 
denced by the character of pulmonary and other lesions in guinea- 
pigs and by the mortality rate following successive intratracheal 
application. 
The technic employed throughout these experiments was uniform. 
The dose was 0.5 cc of a twenty-four hour dextrose-brain broth, or 
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mortality;—-—-—leukocytes 24 hours after injection. 
* Lung compressed by hemorrhagic fluid from pleuritis. 


Chart 1.—Volume of lung, mortality and leukocyte count in experimental influenzal pneu- 
monia in guinea-pigs following successive intratracheal injections, 


dextrose-blood-broth culture. In order to prove viability and identity 
of the bacteria injected a plating was made of all cultures which were 
injected. 

The results summarized in chart 1 were obtained from a study of 
the cases of typical influenza or influenzal pneumonia, and owing to 


the importance of the findings it is best to consider them separately in 
some detail. 


Case 2719.—A woman, aged 41, was admitted to the Isolation 
Hospital Dec. 12, 1918, with a temperature of 103.3, pulse 96, and 
respiration 31. The patient had been taken sick one week before with 
headache, backache, aching of the limbs, and fever ; this lasted for three 
or four days, then was less severe until the day before her admission. 
Examination showed decided cyanosis, moderate dyspnea, scattered 
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rales and areas of dulness, and bronchovesicular breathing over the 
right lung. Two days later fine rales were heard over both lower lobes 
and distinct dullness over most of the right lung. December 16, the 
patient was worse and the right lower lobe was found to be completely 
consolidated. December 18 the patient became delirious and constantly 
tried to get out of bed, and at intervals she was markedly cyanotic. 
In the evening cyanosis grew worse as the respirations became labored 
and very rapid, and death occurred four hours later. 

The white blood count the day after admission was 7,400; no counts 
were made after that. The sputum December 19 was bloody and 
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frothy, and the culture showed a large number of characteristic green- 
producing streptococci and many staphylococci. 

The main findings at necropsy were: Lobar pneumonia of the right 
upper lobe in the gray hepatization stage; bronchopneumonia of the 
right lower lobe; hemorrhagic edema and edema of the left lower lobe; 
hypostatic congestion ; and emphysema of the left upper lobe. Sections 
of the lung showed marked congestion, a filling of the alveoli with 
degenerating red cells, giant cells, degenerating necrotic alveolar 
epithelial cells in large numbers, and.a relatively small number of 
leukocytes. 
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The culture from the lung exudate after death contained almost 
pure growth of the green-producing streptococcus. The washing from 
a small part of a blood-agar plate was injected intraperitoneally into 
a guinea-pig; it died in twenty-four hours from peritonitis. The 
‘moderately emphysematous lung contained localized hemorrhages and 
edema. Large numbers of the characteristic streptococcus were found 
in cultures from the blood and peritoneal fluid. The strain from this 
animal was used in the successive injection of 20 guinea-pigs ; 14 intra- 
tracheally and 6 intraperitoneally. The average volume of the lungs 
and the mortality on successive intratracheal injections are summarized 
in chart 1. In this series the peritoneal exudate of the first animal was 
injected directly into the trachea of one guinea-pig (second passage). 
The culture in dextrose-brain broth from a single colony on a blood- 
agar plate from the lung of this animal was injected into 2 guinea-pigs 
(third passage). In the fourth, fifth and sixth passages the primary 
culture in dextrose-brain broth of the lung of the preceding animal was 
injected intratracheally. 

In order to make sure that the diminution in virulence was not due 
to cultivation on artificial mediums the emulsion of the lung of one of 
the sixth passage series was injected directly into the trachea of one 
guinea-pig. The duration of the successive experiments in animal 
passages (chart 1) in the animals that furnished the strains for suc- 
ceeding injections, was one, three, one, one, one, and four days, respec- 
tively, or eleven days; the duration of cultivation on artificial mediums 
between the animal passages was six days, the total seventeen days. 
Blood-agar plate cultures were made of the exudates of the lung and 
pleura, the blood, and of the material injected to control the results 
obtained. No marked change in morphology occurred, but the colonies 
which at first were quite moist and spreading became smaller and less 
moist after successive animal passages. None of the strains fermented 
inulin, nor were they bile soluble. The agglutinating power of the 
various immune serums, including the monovalent serum, was tested 
over this strain on isolation, and after one, two, three and four animal 
passages. It was agglutinated specifically by the monovalent serum 
for the influenza streptococcus in each of these, but in the fourth pas- 
sage the strain was less highly differentiated for it was partly agglu- 
tinated by type I and type II pneumococcus serums and by anti- 
hemolytic streptococcus serum, but to a lesser extent than in the influ- 
enza serum. The best measure of the changes which the micro- 
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organism had undergone was found to be its effect on the animals. 
During the seventeen days of growth differences were noted in the 
character of the lesions of the lung, and in the mortality. 

During the first three animal passages the effects were striking. 
Intraperitoneal injections were rapidly fatal and the tendency to localize 
and produce lesions in the lung was marked. The intratracheal injec- 
tions in the second and third passages were followed by extreme lesions 
of the lung, consisting of marked exudation of dark hemorrhagic fluid 
into the alveoli or pleura, and increase in the size of the lung (fig. 1), 
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Fig. 2.—Lung of guinea-pig 869 thirty hours after intratracheal injection of the same 
strain in the fifth animal passage. Note the consolidation of the right diaphragmatic lobe 
and part of the left diaphragmatic lobe; X 1. 


associated with marked degeneration of alveolar epithelium and endo- 
thelium (figs. 4a, 5a, and 8a) with relatively slight cellular infiltra- 
tion and aggregation of large numbers of streptococci along the alveolar 
lining (figs. 4b and 5b). In the fourth passage both guinea-pigs 
showed relatively less hemorrhagic edema and more leukocytic infiltra- 
tion. In the fifth passage the difference was striking. In all 4 guinea- 
pigs well marked areas of consolidation, mostly of lobar distribution, 
occurred, In 2 this was extremely marked twenty-four (fig. 1) and 
thirty hours after injection (fig. 2). The consistency of the involved 
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areas was quite firm, the cut surface quite dry, and grayish red, instead 
of hemorrhagic and edematous as noted in the earlier passages ; sections 
showed marked leukocytic infiltration and relatively slight hemorrhagic 
edema, and the bacteria were no longer found chiefly along the alveolar 
lining, but more diffusely distributed throughout the exudate (figs. 6a 
and b). In the sixth passage the picture of true pneumonia with no 
hemorrhagic edema was noted in all of the guinea-pigs injected (fig. 3). 
Sections showed marked leukocytic infiltration, little hemorrhagic 
edema, little necrosis of alveolar lining (fig. 8b) and micro-organisms 


Fig. 3.—Lung of guinea-pig 886 four days after intratracheal injection of the strain in 
the sixth animal passage. Note the complete grayish consolidation of the left and part of 
the right diaphragmatic lobe; X 1. 
diffusely distributed throughout the exudate (fig. 7). The guinea-pig 
injected with the lung emulsion from the sixth animal passage devel- 
oped slightly increased respirations, fever for a few days, and moderate 
leukocytosis ; it then recovered. No pulmonary or other lesions were 
found when it was chloroformed on the twelfth day. As the gross 
and microscopic picture of the lung changed from that of a violent 
destructive reaction with little evidence of response on the part of the 
host to a less violent reaction in which marked exudation of leukocytes 
occurred, the volume of the lung and mortality rate decreased. The 
following experiments are illustrative: 
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Guinea-pig 820, weighing 370 gm., was injected intratracheally Dec. 23, 
1918, with 0.15 cc of a suspension of the peritoneal exudate of a guinea-pig 
injected intraperitoneally with the sputum from case 2719. December 24 the 
animal appeared ill. It was short of breath, uncomfortable, made repeated 
violent efforts at respiration, and coughed: violently at intervals. December 
26 it was found dead. The pleural cavity contained a moderate amount of 
bloody turbid fluid. The lungs were only moderately distended (9 cc), and 
covered with a thin fibrinous film. The left diaphragmatic lobe was large 
and almost completely consolidated. The areas of consolidation were irregu- 
lar, and mottled red and gray. Areas of irregular size showing hemorrhagic 
edema and partial consolidation were found in all the other lobes. The peri- 
bronchial lymph glands were edematous and hemorrhagic. The pleural fluid 
showed many green-producing streptococci; the blood, five colonies of green- 
producing streptococci; and the pneumonic lung, a large number of green- 
producing streptococci and a moderate number of staphylococci. In sections 
of the lung patchy areas of marked leukocytic infiltration were surrounded 
by areas in which the terminal bronchi were enlarged, the epithelium was 
desquamated, and the alveoli were greatly distended and completely filled with 
coagulated serum in which a variable number of red blood corpuscles and 
relatively few leukocytes were found (fig. 4a). Exudate in sections stained 
by the Gram stain showed a large number of diplococci and streptococci which 
usually were peripherally placed in the alveoli (fig. 4b). The subpleural and 
the perivascular lymph channels in areas were completely plugged and dis- 
tended with gram-positive diplococci and streptococci. In the areas of marked 
leukocytic infiltration a rather large number of staphylococci were found, 
whereas in the areas showing hemorrhagic edema, few or none could be 
demonstrated. Under high power marked nuclear fragmentation and degen- 
eration of epithelial cells and marked necrosis of endothelial cells of the 
capillaries in the alveoli were observed (fig. 8a). 

Guinea-pig 853, weighing 440 gm., was injected intratracheally Dec. 28, 
1918, with 0.5 cc of the dextrose-brain broth culture of the strain isolated 
from the blood of guinea-pig 820. The animal coughed up immediately a 
large part of the material injected. December 29 it was found dead. The 
trachea, larynx, and bronchi were filled with a bloody, frothy fluid. Approxi- 
mately 5 cc of turbid chocolate colored fluid were found in the pleural cavity. 
_ The lungs were voluminous (18 cc), hemorrhagic throughout, and very heavy 
(fig. 1). The stomach was partially digested and a number of circumscribed 
areas in the horns of the uterus were congested and swollen. The uterus 
and vagina contained bloody mucus and the uterine horns a number of sub- 
mucous hemorrhages. Cultures from the lung, pleural fluid, tracheal mucus, 
blood, and mucus from the left horn of the uterus showed a large number of 
the green-producing streptococci. Sections of the lung showed marked dila- 
tation of alveoli and terminal bronchi, extreme congestion of the capillaries 
and veins, and marked constriction of the larger bronchi which were filled 
with coagulated serum and blood. There was marked desquamation of the 
alveolar epithelium and necrosis of the endothelium of the interalveolar capil- 
laries (fig. 5a). Some areas were slightly infiltrated with leukocytes. The 
Gram stain showed enormous numbers of diplococci and streptococci. These 
were especially numerous along the alveolar walls surrounding the bronchi and 
blood vessels (fig. 5b). The number of gram-positive diplococci was so large 
that the outline of the alveoli could be made out readily under the low power 


of the microscope. 
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Guinea-pig 869, weighing 330 gm., was injected intratracheally Dec. 31, 
1918, with 1 cc of the dextrose-brain broth culture of strain 2719 in the fifth 
animal passage. January 1 at 1 p. m. the animal was extremely short of 
breath, it had an expiratory grunt, its hair was ruffled, it was just able to 
walk, it sat humped up, breathing with all its might, the thorax appeared dis- 
tended, and the respirations were chiefly abdominal. At 9 p. m. the animal 
was found dead, the body still warm. The lungs were moderately distended 
(15 cc); the right lung was almost completely consolidated; the areas of 
consolidation were quite uniform in consistency and grayish-red. The pleural 
cavity contained 2 cc of turbid, bloody fluid; the mediastinal lymph glands 
were edematous and surrounded by bubbles of gas in the mediastinal tissue. 
One fetus was aborted into the vagina. The area showing its attachment in 
the left horn of the uterus was hemorrhagic and edematous, and in the right 
horn was a loosely attached hemorrhagic fetal mass. Other parts of the 
mucous membrane of the uterus were markedly congested and showed small 
punctate hemorrhages. Cultures from the blood, liver, spleen, and adrenal 
were negative; those from the pleural fluid, lung, and the mucous membrane 
of the uterus and hemorrhagic placenta, showed a large number of green- 
producing streptococci in pure form. Cultures from the mucous membrane of 
the nose showed green-producing streptococci and some staphylococci; from 
the kidney, a few green-producing streptococci. Sections of the consolidated 
right diaphragmatic lobe presented a very different picture from those in the 
preceding animals. The alveoli were moderately distended; the epithelial lining 
only slightly desquamated; the nuclei of these cells and endothelial cells of the 
capillaries stained normally. The alveoli were filled with a highly cellular 
exudate consisting largely of polymorphonuclear leukocytes and a relatively 
small amount of coagulated serum and red blood corpuscles (fig. 6a). Gram- 
positive diplococci and streptococci were found in large numbers distributed 
throughout the alveolar exudate (fig. 6b). 

Guinea-pig 886, weighing 320 gm., was injected intratracheally Jan. 2, 
1919, with 1.5 cc of the dextrose-brain-broth culture from the lung of guinea- 
pig 869. The nostrils, before injection, were dry and clean; cultures from 
the right nostril showed a large number of indifferent colonies resembling 
staphylococci. January 3 at 7:30 a. m. the animal appeared quite well, 
although respirations were definitely increased. At.11 a. m. it appeared well; 
the respirations were still increased, and cultures from the nose showed a large 
number of green-producing streptococci and a moderate number of staphylo- 
cocci. January 4 the nose was wet with a mucopurulent discharge; the weight 
loss was 50 gm., the respirations were somewhat rapid, and coughing occurred 
at intervals. January 6, 10 a. m., there was marked crusting about the nostrils 
almost to the point of causing obstruction, and on removal of the crust, sev- 
eral drops of mucopurulent secretion escaped from the nostril. At 6 p. m. the 
animal was found dead. The lungs were only slightly distended (9 cc). 
The left diaphragmatic lobe was completely consolidated and mottled grayish- 
red; the right diaphragmatic lobe and irregular areas in the right cardiac and 
apical lobes showed grayish consolidations surrounding the bronchi (fig. 3). 
The left nostril was plugged with a bloody, mucopurulent material. The right 
maxillary sinus was filled with bloody pus; the mucous membrane of the 
nose, trachea, and bronchi was extremely hyperemic. Cultures from the blood 
were negative. Cultures from the pleura, consolidated areas of the lung, and 
pus from the nose showed a large number of green-producing streptococci 
and some staphylococci. Sections of the lung showed slight dilatation of 
the alveoli, marked cellular leukocytic exudate of quite uniform distribution 
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filling the alveoli completely, with little or no admixture of coagulated serum 
and blood (fig. 7a). The epithelial cells lining the terminal bronchi and 
alveoli, and the endothelial cells of the inter-alveolar capillaries stained quite 
normally (fig. 8b). The bacteria were diffusely distributed in large numbers 
in the alveolar exudate (fig. 7b). ' 


Case 2749.—A' man, aged 29, a nurse, developed headache, sore throat, 
severe aching all over, dry cough, and temperature of 100.2, Dec. 16, 1918. The 
following day his temperature ranged from 102.6 to 103. The headache con- 
tinued, there were marked backache, soreness through the chest, and a severe 
cough. December 18 the patient felt weak, perspired, and was chilly at inter- 
vals; the ache in the back, soreness in the chest, and the cough were worse. 
The temperature ranged from 100.6 to 101.8. The cough and soreness in the 


Fig. 4.—Photomicrograph of sections of lung of guinea-pig injected with the green-pro- 
ducing streptococcus from case 2719 after one animal passage. Note the marked oo 
hemorrhage, dilatation of terminal bronchi and alveoli, necrosis of cells in alveolar wails 
and the relatively slight leukocytic infiltration in a, and the distribution of the bacteria along 
the alveolar wall in is a. Hematoxylin and eosin; xX 100. b. Gram-Weigert; x 500. 


chest continued for a week; the nose bled December 22, and a large amount 
of mucopurulent blood-tinged sputum was raised December 23. This sputum 
was cultured and injected into animals. The temperature became normal 
December 23 and the patient made a good but slow recovery. Blood-agar 
plate cultures from the sputum showed almost pure culture of moist, spread- 
ing, green-producing streptococci, a few staphylococci, no hemolytic strepto- 
cocci, nor influenza bacilli. The sputum, 0.2 cc was injected subcutaneously 
into a guinea-pig; it died three days later of subcutaneous cellulitis, begin- 
ning bronchopneumonia, and hemorrhagic endometritis. Cultures from the 
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blood, lung, and bloody mucus from the uterus, contained a large number of 
the characteristic green-producing streptococcus colonies. The culture from 
the uterus was used to inject 7 guinea-pigs, 4 intravenously, and 3 intratra- 
cheally, and 2 rats, one subcutaneously, the other intratracheally. All died as 
a result of the injection. All 4 animals injected intravenously showed moderate 
emphysema and evidence of localization in the lung, indicated by localized 
areas of hemorrhage and edema with or without beginning consolidation. 
The 2 females showed lesions of the mucous membrane of the uterus and 
both aborted. Two showed, in addition, localization in muscles and myo- 
cardium, one acute peritonitis, and one marked hemorrhagic pancreatitis. 
Cultures from all yielded the organism injected, together with a few staphy- 
lococci, and in one a few colonies of hemolytic streptococci developed from the 
lung and uterus. All 3 guinea-pigs and the rat injected intratracheally died 
from emphysema of the lungs filled with hemorrhagic bloody fluid, or with 
bronchopneumonia in various stages of development. The average volume 
of the lung in the guinea-pigs was 20 ce (chart 1). The rat and 2 of the 
guinea-pugs showed decided involvment of-the pleura in addition to the lung 
involvement. The only female injected aborted; one of the others showed 
peritonitis and one hemorrhage and edema of the head of the pancreas. The 
characteristic streptococcus was isolated from all. The rat injected subcutane- 
ously died in three days from subcutaneous cellulitis, emphysema, and slight 
hemorrhages of the lung. The green-producing streptococcus was found in 
the edema fluid and in the bloody mucus in the uterine horns. 

The primary culture in dextrose broth from the pancreas, which showed 
marked swelling and inflammation, was injected intravenously into 2 guinea- 
pigs and 2 dogs; intratracheally into a guinea-pig and a rat; intraperitoneally 
into a mouse, and subcutaneously into a rat. All the animals except the dogs 
died. Both guinea-pigs injected intravenously developed well marked areas 
of localized bronchopneumonia, and one developed acute hemorrhagic pan- 
creatitis and myocardial degeneration. The dogs were etherized on the fifth 
day. Lung lesions were absent, but there were lesions in the mucous mem- 
brane of the uterus; the one animal that had aborted showed pancreatitis. 
The green-producing streptococcus was isolated from the mucous membrane 
of the uterus in both dogs, from the blood of both guinea-pigs, and from 
the pancreas of the dog showing pancreatitis. The guinea-pig and rat that 
were injected intratracheally developed marked rhinitis and tracheitis, em- 
physema of the lung with hemorrhagic edema, and bronchopneumonia. The 
guinea-pig had endometritis and aborted. The rat injected subcutaneously 
and the mouse intraperitoneally developed, beside cellulitis and peritonitis, 
respectively, definite lesions of lung and pleura, from which the organism was 
isolated. 

The primary culture from the hemorrhagic lung of one of the guinea-pigs 
injected intratracheally in the second animal passage was injected intra- 
tracheally into 2 guinea-pigs. Both developed massive bronchopneumonia 
and purulent bronchitis, and both yielded the organisms in pure cultures. 
The filtrate from this lung was injected directly intratracheally into 2 guinea- 
pigs, and after incubation in dextrose-brain broth into 4 guinea-pigs. One 
of the latter remained well, all the others developed well marked lesions of 
the lung, quite similar to those in the animals injected with the corresponding 
culture. The 2 females had endometritis, 3 had rhinitis, sinusitis, tracheitis, 
and bronchitis, and 1 each had myositis and mediastinitis. Cultures from 
the lesions and the blood in these yielded the characteristic organism. The 
details of these and other filtrate experiments, have been given elsewhere. 
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Cultures from 3 of the animals injected with this strain in the third passage 
were injected intratracheally into 5 guinea-pigs. All developed moderate 
emphysema and bronchopneumonia of lobar type, 2 developed high grade 
myocardial degeneration, and 2 marked rhinitis and bronchitis. Two of the 
females had endometritis. The primary culture in dextrose-brain broth from 
the pneumonic lung of 2 of the guinea-pigs, third animal passage series, was 
injected intratracheally into 4 guinea-pigs, and cultures from the uterine horns 
of the dog that had aborted were injected into 2 guinea-pigs. One of the 
former and one of the latter recovered after several days of illness. The 
others died from two to four days after injection. All showed well marked 
exudative pneumonia, 2 definitely lobar in type with relatively slight hem- 
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Fig. 5.—Sections of lung of guinea-pig shown in figure 1. Note the marked hemorrhage 
and edema, the absence of leukocytic infiltration and the marked necrosis of alveolar walls 
in a, and the peripherally placed streptococci in b. a. Hematoxylin and eosin, X 100. b. 
Gram-Weigert, 500. , 


orrhagic edema, and only moderate emphysema (chart 1). Two of the 3 
females had endometritis and myocardial degeneration and 2 had well marked 
rhinitis, and tracheitis; 1 had hemorrhages in the rectus muscle. The green- 
producing streptococcus was isolated from all. The filtrate from the lung 
of 2 of the guinea-pigs (third animal passage series) was injected into the 
trachea of 12 guinea-pigs. The 2 that were injected. with the heated filtrate 
recovered after severe immediate symptoms of anaphylactic shock, 1 injected 
with the unheated filtrate died in ten minutes from anaphylactic shock, 6 of 
the others recovered after severe immediate symptoms, and 3 died. All showed 
bronchopneumonia; 2 showed marked lesions of the pleura, and 1 aborted. 
The green-producing streptococcus was isolated from the lesions, and from 
the uterus of the one that aborted. The curves giving the volume of the 
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lung and the mortality rate (chart 1) represent roughly the effects from 
the successive injections of this strain. The difference in the symptoms and 
types of lesions of the lung in the early and in the later animal passages 
was striking. In the former respiratory embarrassment, hemorrhage, and 
edema with relatively slight exudation of leukocytes in the lung dominated the 
picture; in the latter, respiratory embarrassment was less marked; exudative 
pneumonia, and a relatively slight edema with a greater tendency to involve 
the upper respiratory tract as well as the pleura, dominated the picture. The 
greater tendency of leukocytic infiltration was noted even in animals that 
lived the same length of time. The results on intravenous injection of the 
organism in the second and third passages, besides showing a tendency to 
localize in the lung and uterus, showed a marked affinity for the muscle, myo- 
cardium, and pancreas; pancreatitis occurred in three species of animals 
(guinea-pig, dog and rabbit). The lesions in the muscles were focal and 


hemorrhagic, often occurring in clusters, and often surrounded by edema 


and hemorrhage. Streptococci were found in large numbers in these lesions 
and in the pancreas, showing pancreatitis. Altogether 19 animals (guinea- 
pigs, rats, and mice) were injected with this strain intratracheally, intra- 
venously, intraperitoneally, and subcutaneously, in the first, second, and third 
animal passages. All succumbed to the effects of the injection. Two of the 
6 injected in the fourth passage recovered. 


Case 2800.—A woman, aged 24, was admitted to the isolation hospital 
Jan. 9, 1919, in a very weak condition with a temperature of 104, pulse 120, 
and respiration 34. The patient had been taken sick six. days before with 
aching of limbs, headache, backache, chills and fever. She complained of 
pain over the entire chest, and coughed a great deal. The day after admission, 
her respirations were shallow and labored, she was pale and cyanotic, and 
the pulse was extremely rapid. A diffuse bronchopneumonia of the right 
base and bronchial breathing in the area opposite the angle of the scapula 
on the left side were found. January 12 her condition was very much the 
same; the chest was in full expansion and respirations were almost wholly 
diaphragmatic. The symptoms persisted, she grew worse as cyanosis increased 
and died January 14. The leukocyte count was persistently low, ranging 
between 1,900 and 3,700. ¢ 

The chief findings at necropsy were: Bilateral pseudolobar pneumonia; 
hemorrhagic edema; left hemo-hydro-thorax, 500 cc; and mild acute nephritis. 
Sections of the lung showed dilatation of ‘alveoli, marked congestion, and alveolar 
exudate rich in red blood corpuscles, edema fluid, little fibrin, and only a 
moderate number of leukocytes. 

A culture from a throat swab January 12 showed a large number of moist, 
spreading colonies of green-producing streptococci, many colonies of Staphy- 
lococcus aureus, and moist hemolyzing streptococci. Cultures from the blood 
after death contained green-producing streptococci, hemolyzing streptocci, 
and staphylococci; and from cultures from the pleural fluid hemolyzing strep- 
tococci and staphyloccocci. The history and findings in this case are clearly 
those of influenza in which well marked lung lesions developed as the 
symptoms persisted. 

The bacteria isolated from the sputum, blood, and lung exudate were a 
mixture of the organisms most constantly present in influenza. Aside from 
hemolysis the morphology and type of colony of the green-producing strep- 
tococci and hemolyzing streptococci were identical. It was thought worth 
while to study the effects, including the leukocyte counts, of the injection of 
mass cultures containing a mixture of these strains, and of pure cultures in 
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a large series of animals in order to note the changes which might occur 
in the lesions produced following successive animal passage. The effect 
of intratracheal injections of cultures of the green-producing and hemolytic 
streptococci or mixtures that occurred in the primary dextrose-brain broth 
from the blood, and sputum, throat, and ‘lung exudates were very similar. 
Emphysema of marked grade and hemorrhagic edema with localized areas 
of peribronchial consolidation of varying size and age dominated the picture. 
Leukopenia was equally marked regardless of whether the strain was hemo- 
lytic or green-producing. The results obtained following successive intra- 
tracheal injections of the green-producing streptococci are summarized in 


A B 


Fig. 6.—Sections of lung shown in figure 2._ Note the marked leukocytic infiltration and 
the slight edema and hemorrhage, and the diffuse distribution of the streptococci in the 
exudate. a. Hematoxylin and eosin, K 100. b. Gram-Weigert, 500. 


chart 1. ‘In this series of animals the strains used for subsequent injections 
were first plated on blood-agar. From this subcultures of green-producing 
streptococci were made in dextrose-brain broth and injected. 

It will be noted that during the first and second animal passages, 
as the volume of lung (severity of reaction) increased, the mortality 
increased, the drop in leukocytes occurred, and as the volume of lung 
diminished during the third and fourth passages the mortality and the 
drop in leukocytes became less marked. The difference in the char- 
acter of lesions in the lungs was similar to the difference noted between 


cases 2719 and 2749. 
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It has been pointed out elsewhere that the green-producing strepto- 
cocci may acquire typical hemolyzing power (beta type hemolysis), 
and that the hemolyzing streptococci may acquire the power of pro- 
ducing typical green colonies (alpha type hemolysis). Moreover, a 
green-producing flora in patients is often displaced by a hemolytic 
flora and this in turn by a green-producing flora, especially in patients 
who recover. It was thought worth while to pass the hemolytic strep- 
tococcus through a series of guinea-pigs in the same manner as the 
green-producing streptococcus had been passed, and to observe whether 
or not the type of lesion produced changed, and whether the strepto- 
coccus changed. The primary culture in dextrose-brain broth of the 
throat swab was injected into the trachea of 6 guinea-pigs and a rat. 
Two of the guinea-pigs and the rat recovered. Four of the guinea-pigs 
died from typical lung lesions with or without pleural involvement, 
and all showed hemolytic streptococci in pure culture, or together with 
a few staphylococci. 


Guinea-pig 947, weighing 400 gm., was injected intratracheally Jan. 12, 
1919, 11 a.m., with 1.5 ce dextrose-brain broth culture of the throat swab. 
A blood-agar plate of the culture injected showed green-producing, hemo- 
lytic streptococci, and a few staphylococci. At 6 p.m. the respirations were 
rapid, the voice was weak, and the animal appeared ill. January 13, 7:30 
a.m., the animal was found dead. A large amount of hemolyzed, dark choco- 
late colored fluid was found in the pleural cavity. The right diaphragmatic 
and intermediate lobes were large, extremely hemorrhagic and edematous on 
the cut surface. Both uterine horns contained a moderate amount of blood 
tinged mucus, and the mucous membrane was hemorrhagic in areas. Cultures 
from the biood and from the lung and pleural fluid showed a large number of 
hemolytic streptococci, a smaller number of staphylococci, but no green-pro- 
ducing streptococci; those from the mucus in the left horn of the uterus 
showed 150 colonies of staphylococci, 9 colonies of hemolytic streptococci, and 
21 colonies of green-producing streptococci. The primary culture of the 
pleural fluid of this animal which yielded hemolytic streptococci and a few 
staphylococci was then injected into the trachea of another guinea-pig; it 
died within six hours. The leukocyte count dropped from 15,000 before 
injection to 3,100 after death. The lungs were huge in size (18 cc) hem- 
orrhagic and edematous throughout, and the pleura contained about 1 cc 
of hemorrhagic fluid. Cultures from the blood, pleural fluid, and’ lung exudate 
showed many moist, spreading colonies of hemolytic streptococci, while those 
from the liver and kidney showed a few. The dextrose-broth culture from 
the blood of this guinea-pig was injected into the trachea of 5 guinea-pigs. 
One recovered and 4 died of hemorrhagic edema and bronchopneumonia, 
from one to four days after injection; two died with hemorrhagic pleuritis 
and 2 without. All showed predominating or pure cultures of green-producing 
streptococci. The findings in the animal whose strain was passed to the next 
series were similar to those in the others. 
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Guinea-pig 1043, weighing 480 gm., was injected intratracheally Jan. 23, 
1919, with 2 cc of the glucose-broth culture from the blood of the guinea- 
pig that died six hours after injection. The leukocyte count. was 16,800. 
January 24, 10 a.m., the respiration was extremely rapid, the leukocyte count 
was 2,200; at 9 p.m. respiration was extremely rapid, the animal was weaker, 
it made repeated violent efforts at breathing, resembling anaphylactic shock, 
and had an expiratory grunt. January 25 it was found dead. The pleural 
cavity contained a moderate amount of bloody chocolate colored fluid. The 
left diaphragmatic lobe was covered with a fibrinous film. The lung was 
greatly distended (18 cc) and heavy (17 gm.). A large part of the left lung 
was consolidated, consisting of coalescing areas of bronchopneumonia, which 
in places on the cut surface had become grayish and quite dry. Several 
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Fig. 7.—Section of lung shown in figure 3. Findings similar to those in figure 6. a. 
Hematoxylin and eosin, X 100. b. Gram-Weigert, x 500. 


similar but smaller areas were found in the right diaphragmatic lobe. Gen- 
erally the mucous membranes of the nose and trachea were extremely hyperemic 
and the trachea was filled with a hemorrhagic frothy fluid. A large area 
(2 by 1.5 cm.) of hemorrage and edema was found in the right rectus muscle 
of the adominal wall. The involved muscle was friable and ruptured on slight 
stretching. The leukocyte count of the blood from the heart was 4,400. The 
myocardium was yellowish gray, the ventricles were in firm contraction, and 
the auricles dilated. Cultures from the blood, pleural fluid, and lung showed 
a large number of green-producing streptococci in pure culture, and the liver, 
adrenal, kidney, brain, and spleen, showed a few. The culture in dextrose 
broth from the blood after one plating was injected into the trachea of 3 
guinea-pigs; 1 of these died of bronchopneumonia in forty-eight hours, 
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1 recovered, and 1 was chloroformed three days after injection. The third 
had a moderate amount of bloody fluid in the right pleural cavity, a large 
wedge-shaped area of grayish consolidation of the right diaphragmatic lobe, 
and slight emphysema of the lung. The uterus was opaque and contained a 
moderate amount of mucus. The leukocyte count before injection was 9,400; 
twenty-four hours after injection 10,400; forty-eight hours after injection 7,200; 
and after death 8,000. Cultures from the blood were negative; those from 
the consolidated lung showed large numbers of staphylococci and green- 
producing streptococci, and the pleural fluid and uterus showed a few green- 
producing streptococci and staphylococci. This, then, is an example in which 
a hemolytic streptococcus remained as such throughout two animal passages, 
but in 4 animals in the third passage it appeared to lose the hemolytic power 
and to produce green colonies, a property which it retained through the next 
animal passage. Fifty-three guinea-pigs were injected with cultures of green- 
producing and hemolytic streptococci isolated from this case and after animal 
passage. Twenty-three were injected in the first passage, 14 (60%) died; 
9 were injected in the second passage, 8 (90%) died; 9 weré injected in the 
third passage, 7 (78%) died; and 14 were injected in the fourth passage, 
6 (43%) died. : 


The average mortality resulting from the animal passage after 
intratracheal injection of the strains from the 3 cases reported here- 
with was 57 per cent. of 22 animals injected in the first animal passage, 
90 per cent. of 10 animals in the second, 87 per cent. of. 16 animals in 
the third; and 55 per cent. of 22 animals in the fourth. The total 
mortality, irrespective of the place of injection, ranged as follows: 
60 per cent. of the 30 animals injected in the first animal passage, 
94 per cent. of the 17 animals in the second, 90 per cent. of the 21 
animals in the third, and 52 per cent. of the 19 animals in the fourth 
passage. 

A study of the 3 cases shows clearly that the lesions in the lung in 


the first. few passages resemble very closely those noted in the lungs . 


of the 2 patients who died. They are characterized by marked emphy- 
sema, extreme hemorrhage and edema of the lungs (fig. 1), marked 
evidence of destruction and desquamation of epithelial lining (figs. 3 
and 4a), absence of staining or fragmentation of nuclei of endothelial 
cells, of capillaries of alveoli (Fig. 8a), and aggregation of strepto- 
cocci along the alveolar lining (figs. 3b and 4b). Moreover, the rela- 
tive lack of response, on the part of the host, is evidenced by the slight 
leukocytic exudation in the lung and the marked reduction of leuko- 
cytes in the blood. The symptoms of respiratory embarrassment are 
often extreme, the mortality rate is high, and death occurs early. After 
a number of animal passages the picture becomes quite different. The 
respiratory embarrassment is less violent, the reduction in leukocytes 
less marked, and the exudation of leukocytes in the lung is the domi- 
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nant picture (figs. 6a and 7a) as hemorrhage and edema become less 


prominent. The lungs are not so voluminous (figs. 2 and 3). Degen- 
eration and desquamation of the epithelial cells and necrosis of the 
capillaries are slight (fig. 8 b) and the bacteria are diffusely distributed 
throughout the exudate instead of along the alveolar lining (figs. 6b 
and 7b). The difference in amount of leukocytic infiltration depends 
not on the duration of the experiment, but varies with the number of 
animal passages. The diminution of virulency of these strains from 
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Fig. 8.—High-power magnification of sections of lungs shown in figures 4 and 7, illus- 
trating type of lesions obtained during the first few and higher numbers of animal passages. 
a. Note the marked fragmentation of nuclei of alveolar epithelium and capillaries, the marked 
hemorrhage and edema, and the almost complete absence of leukocytic infiltration. b. Note 
the marked leukocytic infiltration and the relatively slight necrosis of cells of alveolar walls. 
Hematoxylin and eosin, X 500. . 


cases of influenza as a result of successive intratracheal injections is 
contrary to the result following successive intraperitoneal injection of 
strains of the pneumostreptococcus group. The latter method was 
tested to determine whether the green-producing streptococcus from 
influenza is peculiar in this respect. 

In chart 2 is given a summary of the results of successive intra- 
peritoneal and intratracheal injections of a series of strains of green- 
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producing streptococci from influenza. In the forced experiment on 
intraperitoneal injection the virulency of the green-producing strep- 
tococci increases as that of streptococci and pneumococci from other 
sources. But when the former micro-organisms are applied succes- 
sively to the normal mucous membrane of the lower respiratory tract 
their invasive power increases only during one or two animal passages ; 
it then becomes progressively less during three or four subsequent 
passages. Most of the strains that were passed through animals were 
cultivated on artificial mediums for one generation and in one strain 
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_ ,Chart 2.—Mortality in guinea-pigs following successive intraperitoneal and intratracheal 
injections of streptococci from influenza. The straight line denotes intraperitoneal injection; 
the broken line denotes intratracheal injection. 


(case 2800), for two generations between each passage. In order to 
make sure that the diminution in invasive power on successive intra- 
tracheal application was due to effects exerted on the micro-organism 
by the body cells or fluids and not due to the culture mediums, control 
experiments were carried out ; emulsions of the consolidated lung were 
injected directly from animal to animal. The results were similar. 
The diminution in infecting power was even more rapid than when 
intervening cultures were injected. This result, contrary to what might 
be expected, considering what usually happens after direct successive 
intraperitoneal injections, is in keeping with what has been observed 
repeatedly when emulsions of lung and pleural fluid from man and 
from animals are injected directly into the trachea and compared with 
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the results following the injection of the corresponding cultures. The 
severity of reaction and the mortality following injections of the cul- 
tures were greater even when the number of viable bacteria was no 
larger than that in the exudate. The cells or fluids in the exudate 
seemed to rob the bacteria of their bite, as it were, a property which 
they often regained during the growth in suitable artificial mediums. 
Moreover, in harmony with this idea is the fact that the mortality was 
higher following the injection of sputum during life than following 
the injection of the bloody lung exudate after death. During the 
course of the experiments on intratracheal injection it was also noted 
that cultures of the green-producing streptococci from the blood and 
pleural exudate after death in cases of long standing were not so viru- 
lent as those from the sputum or throat. Thus in 22 guinea-pigs 
injected intratracheally with the strains cultured from the sputum of 
one patient the mortality was 64 per cent., whereas in a series injected 
with the strains cultured from the blood the mortality was 33 per cent. 

Hirsch and McKinney found that the pneumococci at the height 
of the epidemic at Camp Grant were far more virulent when injected 
intraperitoneally or intravenously in animals than those isolated as the 
epidemic was subsiding, and, moreover, the strains isolated from the 
blood at the height of the epidemic were less virulent than those from 
the sputum. 


EXPERIMENTS SUGGESTING THE OCCURRENCE OF MUTATION 
IN VIVO 


It has been shown elsewhere that marked changes occurred in the 
bacterial flora in the later stages of influenzal infection, that similar 
changes often occurred in vitro, and that the new strains or variants 
were not only virulent on injection in animals, but also tended to pro- 
duce leukopenia. Following intratracheal injection the changes in the 
lung closely simulated those of influenzal infection. 

Owing to the instability of the streptococci from influenza noted at 
the onset of this work, we have taken particular pains to observe 
whether the changes noted in patients and in vitro might occur in the 
body of the experimental animal. A striking example of the mutation 
of a hemolytic streptococcus into a green-producing streptococcus 
simultaneously in a series of guinea-pigs has been detailed in the 
experiments recorded in case 2800. The lesions produced by the intra- 
tracheal injection method resembled closely those observed following 
injection of the green-producing streptococcus from influenza. 
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On the other hand, the green-producing streptococcus often 
appeared to become a hemolytic streptococcus. Thus in case 2749 one 
of four guinea-pigs injected intravenously with a pure culture of green- 
producing streptococcus from the blood of a guinea-pig injected sub- 
cutaneously with the sputum, showed a moderate number of hemolytic 
streptococci and Staphylococcus aureus in the pleural fluid, hemor- 
rhagic areas in the lung, hemorrhagic mucus in the uterine horns, and 
in the pancreas. The pancreas showed a moderate number of green- 
producing streptococci. The green-producing streptococcus from 2 . 
animals in the second-passage series were injected in various ways 
into 7 guinea-pigs, 2 rats, 2 dogs, and a mouse. The organism injected 
was isolated in pure form from all the guinea-pigs, one rat, and one 
dog. One rat injected subcutaneously yielded a large number of ‘the 
green-producing streptococci from the blood and subcutaneous tissues, 
and from the latter a moderate number of Staphylococcus:aureus also. 
The mouse injected intraperitoneally died in forty-eight hours from 
hemorrhagic peritonitis and pleuritis. The blood and pleural fluid 
yielded a moderate number of green-producing streptococci, slightly 
hemolytic streptococci, and Staphylococcus aureus. The one dog which 
aborted following intravenous injection had a large number of moist 
spreading hemolytic streptococci, and a moderate number of staphylo- 
cocci in the bloody mucus of both uterine horns, and the blood yielded 
a few colonies of green-producing streptococci. The culture in dex- 
trose-brain broth of the hemolytic streptococcus from the uterus, and 
the green-producing streptococcus from the blood were injected intra- 
tracheally into one guinea-pig each. The first animal showed leuko- 
penia for forty-eight hours, then leukocytosis, and died on the third 
day with distended lungs (17 cc) showing marked exudative pneu- 
monia of pseudolobar type (14 gm.). The lung and pleura yielded 
green-producing streptococci. The second animal showed a progres- 
sive and marked leukopenia and died with similar lung findings the 
day of injection. Cultures from the blood and kidney showed a few 
colonies of green-producing streptococci in pure form, while the pneu- 
monic lung and mucus in the right horn of the uterus showed the 
green-producing streptococci and Staphylococcus aureus. 

The results in case 2851 are similar to those observed in others. 
The patient developed an attack of influenza of ordinary severity, but 
on the sixth day became suddenly worse and died on the eighth day 
from acute hemorrhagic edema and bronchopneumonia. The sputum on 


INFLUENZA AND PNEUMONIA 119 


the second day was mucoid and contained a large number of the green- 
producing streptococci, a few slightly hemolyzing streptococci, and a 
few staphylococci. On the seventh day the sputum was blood-tinged 
but purtilent, and showed Staphylococcus aureus in pure form in large 
number. Permission for necropsy could not be obtained, but a syringe- 
full of bloody fluid was withdrawn from the left pleural cavity. The 
blood-agar plate inoculated with this fluid contained a large number of 
Staphylococcus aureus and a few moist slightly hemolyzing colonies 
of streptococci. The culture in dextrose-brain broth from a single well 
isolated colony of the slightly hemolytic streptococcus from the pleural 
fluid was injected into the tracheas of 3 guinea-pigs. Pure growth of 
slightly hemolyzing colonies of streptococci was obtained from the 
blood-agar plate of the culture injected. In all 3 guinea-pigs there was 
a reduction in leukocytes in from twenty-four to forty-eight hours 
after injection; the average count before injection was 12,900, twenty- 
four hours after injection 7,600, and forty-eight hours after injection 
8,260. The animals seemed quite well three days after injection, when 
they were chloroformed. All had bronchopneumonia, and the one 
female had endometritis with hemorrhagic mucus in both uterine horns. 
None had pleuritis. In 2 the cultures from the blood were sterile; cul- 
tures from the blood of the female contained a few colonies of strepto- 
cocci. Cultures from the pneumonic lung of all yielded a pure culture 
of Staphylococcus aureus. The hemorrhagic mucus in the uterine 
horns yielded Staphylococcus aureus and a few colonies of green- 
producing streptococci. Cultures from the adrenal, kidney, spleen and 
liver were sterile. 

The culture in dextrose-brain broth from a single well isolated 
colony of Staphylococcus aureus which showed no streptococci in 
smears and only staphylococcus colonies on plating was injected intra- 
tracheally into a guinea-pig ; it died in twenty-four hours from hemor- 
rhagic edema of the lung. The pleural cavity was filled with hemor- 
rhagic fluid, and the visceral pleura was covered with a thin fibrinous 
film. The leukocyte count of 12,400 before injection dropped to 3,400. 
Blood-agar-plate cultures from the blood, pleural fluid, lung, kidney 
and liver showed Staphylococcus aureus in large numbers, those from 
the adrenal and spleen a few. A few colonies of moist spreading 
green-producing streptococci in addition to Staphylococcus aureus were 
isolated from the pleural fluid and lung. A culture in a tall tube of 
dextrose broth from a single well isolated green-producing colony of 
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the streptococcus from the pleural fluid was made and injected intra- 
tracheally into 2 guinea-pigs and intraperitoneally into 1. The latter 
showed a drop in leukocytes of from 19,000 to 7,600 twenty-four hours 
after injection, and then recovered. One of the former, a female, died 
in two days from hemorrhagic edema of the lung, bronchopneumonia, 
a large amount of hemorrhagic fluid in the pleural cavity, and hemor- 
rhagic endometritis. Cultures from the blood, uterus, lung and pleural 
fluid revealed a large number of moist spreading green-producing 
streptococci, and a few Staphylococcus aureus ; those from the adrenal, 
spleen, liver, and brain contained a smaller number of both. The 
leukocyte count dropped from 6,600 before injection to 2,000 twenty- 
four hours after injection. No count was made after death. The 
other pig injected intratracheally had a drop of from 14,200 to 10,000 
leukocytes, and increased respiration for a few days; it then seemingly 
recovered, but died seventeen days after the injection. Serofibrinous 
pleuritis and peritonitis were found. There were no lesions of the 
lung. Cultures from the blood remained sterile, while those from the 
peritoneal exudate contained many colonies of Staphylococcus aureus 
in pure form. The blood-agar plate made at the time the culture was 
injected into these animals showed a pure growth of a green-producing 
streptococcus, and after the same tube was incubated for fifteen days 
a blood-agar plate showed a moderate number of rather dry green- 
producing and slightly hemolyzing colonies of streptococci and a large 
number of colonies of staphylococci. 

A dextrose-brain broth culture from a single green- wioaetchne colony 
from the blood of the female guinea-pig that died from hemorrhagic 
edema and pleuritis was injected into the trachea of one guinea-pig. 
The leukocyte count dropped from 15,800 to 4,000 in twenty-four hours, 
respiration was increased moderately for a few days, and the animal 
then recovered. The strain was lost. 

This case is an example of a predominant green-producing strepto- 
coccal flora noted early in influenza being replaced by Staphylococcus 
aureus. Hemorrhagic pleural fluid after death showed a preponder- 
ance of the Staphylococcus aureus and a few slightly hemolytic strep- 
tococci. A subculture from a single colony of the latter proved only 
moderately virulent, and in all the guinea-pigs staphylococci only were 
isolated from the lesions in the lung as recovery seemed assured. ‘The 
staphylococcus culture from a single colony was extremely virulent. 
The hemorrhagic lung and pleural fluid yielded, in addition to the 
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staphylococcus, a few colonies of green-producing streptococci. A 
culture from a single colony of the latter, which showed no staphylo- 
cocci when injected, yielded staphylococci in both of 2 guinea-pigs as 
well as in the culture tube after prolonged cultivation. The green- 
producing strain in the next animal passage produced marked leuko- 
penia, increased respiration for a time, and then was lost as recovery 
ensued. 

In case 2608 the sputum was injected directly intraperitoneally into 
a guinea-pig. It died from peritonitis. The blood showed the green- 
producing streptococcus in pure culture; the peritoneal fluid showed 
this organism and Staphylococcus aureus in moderate number. A well 
isolated single colony of the former was inoculated into glucose-brain 
broth. The twenty-four-hour culture was injected intraperitoneally 
into a guinea-pig. The blood-agar plate of this culture yielded only 
green-producing streptococci. The guinea-pig died in three days of 
hemorrhagic fibrinous peritonitis, pericarditis and pancreatitis. The 
leukocyte count dropped from 6,000 before injection to 4,480 in 
twenty-four hours, and to 3,600 in forty-eight hours. The cultures 
from the blood showed a pure growth of green-producing streptococci, 
whereas the pericardial and peritoneal fluid showed these together 
with a moderate number of the Staphylococcus aureus. In order to 
test whether or not the staphylococci found in the pericardial exudate 
possessed virulency, a culture in dextrose-brain broth from a single 
colony was injected intraperitoneally into a guinea-pig in the usual 
dosage (0.5 cc per 100 gm. weight). It died in three days from 
hemorrhagic peritonitis, with localized areas of hemorrhage and edema 
in the lungs. The leukocyte counts were 9,200 before injection, 3,200, 
6,000, and 3,240, respectively, twenty-four and forty-eight hours later, 
and after death. Cultures from the peritoneal fluid and blood yielded 
a pure growth of Staphylococcus aureus. 

A summary of a large number of experiments in animals injected 
with cultures proved to be pure by plate cultures, reveals that apparent 
mutations occurred in 11 of 75 injected intraperitoneally and intra- 
venously, and in 14 of 73 injected intratracheally. 

It is realized that the finding in these animals of bacteria that were 
not introduced might be interpreted as secondary invasion, if it were 
not for the fact that these mutation forms develop in the test tube 
under controlled conditions. Indeed until the pure line requirement 
and the remote possibility of contamination from the air in the test-tube 
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experiments are met, conclusions with regard to the mutation of strep- 
tococci into staphylococci and mutation of influenza bacilli cannot be 
drawn. However, from a consideration of the precautions which have 
been taken to exclude accidental contamination, the regularity of its 
occurrence under certain conditions, and the high virulency of the 
staphylococci which at times displace the streptococcal flora in ful- 
minating cases of influenzal pneumonia and the high and peculiar viru- 
lency of the mutants, the observations are believed worthy of record. 


MORTALITY FROM INFLUENZAL INFECTION IN RELATION TO THE RISE 
AND FALL OF EPIDEMIC WAVES 


It has been noted by physicians who have seen many cases of influ- 
enza that the attacks were more severe during the height of the epi- 
demic and milder as the epidemic subsided. The mortality statistics of 
infectious diseases now available are based almost wholly on the number 
of patients who develop the disease and the number of deaths within 
a certain number of days, weeks or months. No records of epidemic 
diseases have come to my notice in which the mortality rate is studied 
strictly in relation to the time in the epidemic at which the disease was 
contracted. Owing to the changes noted on successive intratracheal 
application in the invasive power of streptococci from influenza it was 
thought worth while to determine the mortality in the patients with 
influenza admitted to the hospitals according to the period in the epi- 
demic the disease was contracted. In chart 3 each black column repre- 
sents the number of patients who developed influenza on that day. 
These columns show that there were four distinct waves and two lesser 
recrudescences between September, 1918, and April, 1919, and that 
each wave spent its force in about six weeks. Each wave was divided 
into three two-week periods, namely, two weeks before and including 
the day of the crest of the wave, the first two weeks following the 
crest, and the second two weeks following the crest of the wave. The 
first row of figures at the bottom of the chart indicates the number of 
persons with influenza admitted to the hospital in each of these periods. 
The second row indicates the percentage of deaths from influenzal 
infection, not during the two weeks, respectively, but during that time 
or later. In other words, 16 per cent. of the 43 persons contracting 
influenza during the first two weeks of the first wave ultimately died, 
20 per cent. of the 112 persons contracting influenza during the second 
two weeks died, and 13 per cent. of the 54 persons contracting influenza 
during the third two weeks died, and so on. By a study of the mortality 
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according to the time the disease was contracted, it was discovered that 
the highest mortality rate occurred in each of the three main waves 
in the second two weeks, the time when the largest number of cases 
developed. It was lower during the first two weeks as the epidemic 
was on the increase, and in each instance lowest the third two weeks 
as the wave subsided. The number of cases during the third wave 
was small and the mortality low; accordingly, the marked rise and fall 
in mortality did not occur. The slight recrudescence in November 
also carried with it a low mortality (15 per cent.). The mortality 
during the recrudescence in April was:highest (26 per cent.) when the 
number of cases was largest (36), and much lower (12 per cent.) as 
the epidemic disappeared. The curve to the extreme right in the chart 
represents the average mortality percentage of the four waves, during 
the three periods of two weeks each, 14, 21 and 12 per cent., respec- 
tively. 

Besides the change in mortality rate, there was a noticeable differ- 
ence in the type of the disease during the early part, or the height of 
each wave, and that found as the wave subsided. The incidence and 
degree of exudation into the lung was more marked during the middle 
part of the epidemic. Thus, during the first two weeks of the first 
wave 24 per cent. of the patients admitted developed pneumonia, during 
the second two weeks, 30 per cent., and during the third two weeks, 27 
per cent. The average percentage incidence of influenzal pneumonia 
during the four waves for the three biweekly periods was 30 per cent., 
37 per cent., and 41 per cent., respectively. The lesions in the lung 
found at necropsy in our cases as in those of other observers were 
distinctly different early and late in the waves. 

Voluminous lungs with marked hemorrhagic edema and relatively 
slight true consolidation were the rule at the height of the waves, 
while exudative pneumonia of the bronchopneumonic type with rela- 
tively slight hemorrhage and edema dominated the picture as the waves 
subsided. 

In a previous paper * I have shown that the tendency to a persist- 
ence of leukopenia in patients contracting the disease late in epidemic 
waves is less marked than at the height of the waves. In the light of 
the animal experiments might not this difference as well as the greater 
tendency to true consolidation of the lung late in the waves be an 
expression of a diminished virulence on the part of the infecting: micro- 


organisms ? 
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In another paper * I have shown also that as patients recover from 
influenza and especially influenzal pneumonia the leukocyte count goes 
up. Exceptionally this is true also in protracted cases in which the 
patient dies. This is generally considered to be due to secondary 
invasion or to a winning fight by the defensive mechanism of the host. 
The possibility that this is due to changes in the parasite must, in the 
light of the experiments on successive intratracheal injection, be taken 
into consideration. Leukocytosis following an initial leukopenia was 
noted commonly in guinea-pigs injected with sublethal doses of the 
green-producing streptococcus, and prolonged contact with the body 
fluids and cells was found to rob these strains of the power to produce 
leukopenia. The mortality curves in the epidemics studied represent 
in a general way those noted by others and indicate a rise and a fall of 
virulency of the infecting micro-organism. The severity of influenza 
as it passes through smaller groups, such as large families, often shows 
the same rise and fall. 

The difficulties, however, in studying the severity of influenza in 
sequence in individual families in which quarantine is not strictly 
observed are obvious. Authentic information regarding the severity of 
attacks has been obtained, however, in the case of a number of families 


living in the country. The findings in a family of eleven living in ~ 


isolation 15 miles from a railroad station are especially instructive in 
this connection. The date of onset, date of death in the fatal cases, the 
age of the patients, and the attacks according to severity are arranged 
chronologically in Chart 4. It will be noted that fifty-three days elapsed 


from the time the first became ill (September 27) until the last one’ 


contracted the disease (November 19). The interval between the 
groups of cases was about four, twelve, ten, twelve and fifteen days, 
respectively. The epidemic spent its force in the surrounding com- 
munity during the same time. The first person to contract the disease 
had a mild attack, but because he persisted in working, he developed 
severe symptoms, was in bed with fever for six days, and then 
recovered. The 3 persons who came down last had mild attacks, and 
all recovered without developing pneumonia or other complications. 
The 7 who contracted the disease during the interval between the first 
and the last cases all had severe attacks; 3 died from influenzal pneu- 
monia ; 2 of those who recovered developed pneumonia, and 1 phlebitis 
of the leg ; the fourth had a severe attack, but did not develop outspoken 
signs of pneumonia. The source of the infection was not known. 
From the dates of onset of symptoms in these cases, it seems that the 
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organism passed through five persons, and as this occurred the viru- 
lency, just as on successive animal passage on tracheal application 
increased during the earlier passages and then decreased, and was lost 
in the sixth passage. 

CHART 4 


Tue Rise AND FALL IN ViIRULENCY oF INFLUENZAL INFECTION aS It Passep THROUGH A 
Larce FAamiILy 


William K., aged 31, farmer, Influenza 
Sept. 27, 1918; mild attack at first; would 
not give up work; then had severe attack. 
Recovered. 


Mrs. K., aged 60. Influenza October 1. Walter K., aged 30. Influenza October 1. 
Severe attack with influenzal pneumonia, Death from influenzal pneumonia, Octo- 
but recovered. bere 13. 

Laura K., aged 29. Influenza October 15. Edwin K., aged 21. Severe influenza Octo- 
Death from influenzal pneumonia Octo- ber 13, hut no pneumonia. Recovered. 
ber 23. 

Meda K., aged 17. Influenza October 23. Selma K., aged 26. Influenza October 23; 
Severe attack with pneumonia, but re- extremely ill; developed phlebitis of leg, 
covered, but recovered. 


Freda K., aged 21. Influenza November 4. 
Extremely ill and died November 17 of 
pneumonia. 


Hired Girl, aged 22, In- Ben K., aged 25. Influ- Ezra K., aged 16. Influ- 
enza November 17. Mild enza November 19. Mild enza November 17. Mild 
attack, attack. attack. 

‘SUMMARY 


The results reported elsewhere following the intratracheal injection 
of the green-producing streptococcus from influenza have been verified 
and extended in this study. 

The virulency and mortality in animals increased for one or two 
successive intratracheal injections of this organism, and on further 
animal passage progressively diminished. At the peak of virulency 
the symptoms of respiratory embarrassment are frequently violent and 
often resemble those of anaphylaxis. Cyanosis and leukopenia are 
marked, and death from hugely dilated lungs filled with hemorrhagic 
edema fluid with relatively slight exudative pneumonia frequently 
occurs. Microscopically, necrosis of alveolar epithelium and endo- 
thelium of the capillaries of all grades with marked hemorrhagic edema 
and little leukocytic infiltration are the chief findings. In subsequent 
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intratracheal injection respiratory embarrassment becomes less marked, 
reduction in leukocytes less pronounced or wholly absent, and as this 
occurs the dilatation of the lung becomes less, exudation of leukocytes 
in the lung more pronounced, and extensive pneumonia with little 
hemorrhage and edema is the dominant picture. 


TABLE 1 


Errect oF Successive INTRATRACHEAL INJECTION OF STREPTOCOCCI FROM INFLUENZA, 
THE LeuKocyTeE Count ann Morratity 


Ani- Average | Percentage Showing Mor- 


Animal mals |- | — tality 
Pas- Strains} In- Before After | Reduc-)| Leuko-| Leuko-| No per 
sage jected Injec- Injection | tion, | penia | cytosis|Change| Cent. 


tion (24hours)| % 


5 14 14,800 7,200 51 2 | coal Ma 57 
5 ae 12,300 4,200 66 ss | 0 12 100 
3 ff 17,100 8,500 50 705 |) “6. 15 57 
3 13 14,700 13,300 | 9.5 i S| Seas 25 38 


From a study of the four epidemic waves as they occurred in 
Rochester, it has been found that a similar rise and fall in severity of 
symptoms, mortality and character of lung lesions occurred as the 
epidemic waves appeared and disappeared. The symptoms, cyanosis and 
leukopenia were most pronounced, and the mortality was the highest at 
the peak of the waves when the lungs were of huge size, and at 
necropsy hemorrhagic edema with relatively slight exudative pneu- 
monia was the striking picture. Later as the symptoms became milder, 
leukopenia less persistent, and the mortality rate lower, exudative pneu- 
monia became more common. Experimental evidence has thus been 
obtained to show that (1) the change in the type of the disease early 
and late in epidemics, (2) the rise and fall in mortality rate in the 
same epidemic and the virulency of different epidemics, and (3) the 
lesser tendency to leukopenia late in epidemic waves may be due, in 
the main, to changes in virulency and other properties of the green- 
producing streptococci isolated so constantly in influenzal infection. 

These facts do not exclude the possibility that the influenza bacillus 
may play a role in the production of symptoms and lesions in influenza. 
In some cases they rather suggest the possibility that this organism may 
undergo similar changes, and that it may acquire peculiar and high 
infecting powers. Indeed the recent work of Blake and Cecil, in which 
symptoms and lesions simulating influenza have been produced experi- 
mentally in the monkey with the influenza bacillus made highly virulent 
by repeated monkey passages, supports this view. 
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Throughout the work the well marked examples in which green- 
producing streptococci suddenly acquired hemolytic power and hemo- 
lytic streptococci suddenly became green-producing streptococci, both 
in vitro and in vivo, suggest strongly that the complete or partial dis- 
placement of one type of streptococcal flora by another throughout, 
especially late in the epidemic waves, may be due to the development 
of mutation forms rather than the result of superimposed infection 
from the upper respiratory tract. 

Since the mutants have been found to possess the power of pro- 
ducing the characteristic lesions in the lung and a sharp leukopenia on 
intratracheal application, might not the green-producing streptococcus 
isolated so constantly early in influenza and influenzal pneumonia, since 
it has high and peculiar invasive and other properties, be a mutation 
form of the pneumococcus-streptococcus group which humans normally 
harbor? Moreover, might not the sudden appearance and rapid 
“spread” of influenza among isolated groups and often almost simul- 
taneously over wide areas be in part due to this cause? 

1. Blake, F. G., and Cecil, R. L.: The Production of an Acute Respiratory Disease in 
Monkeys by Inoculation with Bacillus Influenzae. A Preliminary Report, Jour. Am. Med: 
Assn., 1920, Ixxiv, 170-172. 

2. Hirsch, E. F., and McKinney, M.: An Epidemic of Pneumococcus Bronchopneumonia, 
Jour. Infect. Dis., 1919, xxiv, 594-617. 

3. Rosenow, E. C.: Studies in Influenza and Pneumonia. II. The Experimental Pro- 
duction of Symptoms and Lesions Simulating Those of Influenza with Streptococci Isolated 
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STUDIES IN INFLUENZA AND PNEUMONIA 


STUDY X. THE IMMUNOLOGIC PROPERTIES OF THE GREEN-PRODUCING 
STREPTOCOCCI FROM INFLUENZA 


E. C. RosEnow 


Division of Experimental Bacteriology, The Mayo Foundation, Rochester, Minnesota. 


In a previous report it was shown that most of the green-producing 
streptococci isolated so constantly in influenza were agglutinated specifi- 
cally by a monovalent immune horse serum; that highly agglutinable 
strains absorb the agglutinins for the other strains; and that during 
convalescence in influenza the serum of patients acquires the power to 
agglutinate many of the freshly isolated green-producing streptococci. 
Attention was directed also to the fact that these organisms possess 
well marked antigenic properties, the serum of persons developing 
specific agglutinating power after injections of a mixed vaccine. 

In this study I shall detail further results obtained by subjecting 
numerous strains of the green-producing streptococcus from influenza 
~ to the action of various immune serums, especially to the monovalent 
serum prepared with one of the strains of the green-producing strep- 
tococcus. The monovalent serum was prepared by injecting a large 
horse (horse 15) with increasing doses of one strain of green-produc- 
ing streptococcus isolated from the blood after death in a case of influ- 
enza and influenzal pneumonia. The symptoms and findings in this 
case, reported elsewhere, were typical. The thorax was expanded and 
immobile, the patient expectorated a large amount of bloody, frothy 
fluid. The lung after death was voluminous, extremely wet with a 
dark colored bloody fluid and the seat of numerous coalescing areas of 
lobular pneumonia. 

The strain as isolated from a single colony from the blood and 
after one animal passage was put aside on blood-agar slants and in deep 
tubes of dextrose-brain broth. Both of these produced typical, rather 
moist, spreading, greenish colonies on blood-agar plates, both fer- 
mented inulin, but they were not bile soluble. Cultures for immuniza- 
tion of the horse were made from the stock cultures in bottles of 
glucose broth containing 150 cc each. These were incubated over 
night, or until heavy growth had occurred, centrifuged and the sedi- 
ment suspended in salt solution so that 1 cc of the sediment represented 
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the growth from 15 cc of the broth. Control blood-agar plate cultures 
were made of the material inoculated in the bottle as well as of the 
growth injected into the horse. The dense bacterial suspension was 
used for intravenous immunizations. The first injection, made Jan. 9, 
1919, consisted of 6 cc of the suspension or the growth from 90 cc of 
broth. The injections were given on three successive days in each 
week. The first six injections consisted of the heat killed bacteria 
(60 centigrade for thirty minutes). After that live cultures were 
injected. The dose by March-3, when 3 liters of blood were with- 
drawn, had been increased to 50 cc of the suspension or the growth 
from 750 cc of the glucose broth culture. The injections were con- 
tinued and the dose gradually increased until April 4, when 14 liters of 
blood were withdrawn. The horse was given a rest for ten days, and 
the injections were resumed, but owing to marked-reactions and loss 
of weight the dose had to be diminished and finally was discontinued, 
April 16. In spite of the fact that no more injections were given the 
horse continued to lose in weight and strength, and June 4 it was unable 
to get up, and was bled to death under ether. 

The serums obtained before the injections were begun, and on 
March 3, April 4 and June 4 after immunization, were titrated against 
freshly isolated strains of the green-producing streptococcus. It was 
found that the upper limit of agglutinating power of the serum 
obtained before the injections were begun was about 1 to 10; the serum 
obtained March 3, about 1 to 500; April 4, 1 to 1,000 to 1 to 10,000; 
and June 4, 1 to 500 or 1 to 1,000. The serum of the highest titer 
obtained April 4 was mostly used in the agglutination experiments 
herein reported. 

The antihemolytic streptococcus serum (horse 9) was prepared by 
repeated injections with four strains of highly virulent hemolytic-strep- 
tococci from cases of severe ascending infections and cases of cellulitis. 
The injections were given between December 18, 1917, and July 1, 1918. 
The serum during this time had acquired marked agglutinating power 
over the strains injected. It should be emphasized that all of these 
strains were isolated before the epidemic of influenza occurred. 

The pneumococcus immune serums were obtained from Dr. Rufus 
I. Cole, of the -Hospital of the Rockefeller Institute for Medical 
Research, and from Dr. Augustus B. Wadsworth, of the New York 
State Department of Health. These were titrated against known 
strains of type pneumococci and were found to possess marked and 
specific agglutinating power. 
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METHODS 


The freshly obtained sputum was sent to the laboratory for cultures 
throughout the four epidemic waves of influenza in 1918 and 1919. 
The cultures and agglutination experiments were made and recorded 
without knowledge of the history of the patients. The diagnosis, days 
of onset and other data were ascertained later from the records. A 
series of preliminary experiments in which various dilutions of serums 
were used (from 1 to 10 to 1 to 10,000), showed that a final dilution 
of these serums of 1 to 20 had the widest range of usefulness. Accord- 
ingly, for routine work the mixture in each tube consisted of 0.2 cc of 
the various serums diluted 1 to 10 with salt solution, and 0.2 cc of the 
antigen. The antigen consisted, for the most part, of the dextrose- 
blood broth or dextrose-acacia-broth culture, or of a salt solution sus- 
pension of bacteria grown in these after they had been preserved in 
50 per cent. glycerol for a variable length of time. In some instances 
the peritoneal washings of mice and guinea-pigs which had succumbed 
to injections of sputum or primary culture from sputum, were also used 
as antigen. During the first two waves dense suspensions of the green- . 
producing streptococci from primary cultures of sputum or blood of 
animals dead from injection of sputum were filed away in 50 per cent. 
glycerol, so that 1 cc equaled the growth from 15 cc of the dextrose- 
acacia-broth culture. These were kept in the ice chest and diluted with 
15 parts of salt solution at the time the agglutination tests were per- 
formed. The mixtures of serum and antigen were thoroughly shaken 
and incubated at 37 C. for from one to one and one-half hours and 
placed in the ice chest over night, before readings were taken. The 
amount of agglutination, as indicated in the tables, was recorded by 
from 1 to 4 plus signs, 1 plus indicating slight but definite agglutination, 
2 plus decided clumping but with little sedimentation, 3 plus marked 
agglutination and sedimentation but with supernatant fluid, not entirely 
clear, and 4 plus complete agglutination with the bacteria packed quite 
solidly at the bottom and the supernatant fluid completely cleared. 

“Specific” agglutination is the term applied to the serum which 
agglutinated a particular strain to a greater degree than any of the 
other serums. 

In most cases only one or two samples of sputum were cultivated 
and the agglutination tests made with the bacteria thus obtained. In 
some instances the agglutination experiments were done with strains 
isolated from the sputum daily or on alternate days throughout the 
illness and with the strains isolated after death. In selected cases cul- 
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tures were made simultaneously of tonsil and of the throat or naso- 
pharynx, and the strains isolated were subjected to the agglutinating 
action of the serums under identical conditions. 


TABLE: a 
AGGLUTINATION EXPERIMENTS WITH THE GREEN-PRODUCING STREPTOCOCCUS FROM INFLUENZA 
| Antiserums Controls 
Pneumocoeeus Streptococcus 
Case | Date of, Date of | Day |——————_—— |_—_———_ 
or Experi- Tsola- Source of Hemo-| Green |Normal| NaCl 
Strain} ment tion Dis- lytic | Pro- | Horse} Soln- 
ease I II III | Horse | ducing} Serum | tion 
| 9 Horse 
15 
8218.2 | 3/9/19 | 3/ 7/19 | Sputum 4 0 0 0 + ++ 0 0 
3218.2 3/ 9/19 | 3/ 7/19 Sputum 4 0 0 0 0 Ber 0 0 
32252 3/19/19 | 3/17/19 | Sputum 3 0 0 0 Poets Ape Ae tv) 0 
82257.5 | 6/17/19 | 3/17/19 Sputum S| 0 0 0 0 ate ) 0 
3266 3/25/19 | 3/24/19 | Sputum 5 stage 10) 0 ae at testes oP 0 
32662.2 | 3/27/19 | 3/24/19 | Sputum 5 0 my 0 0 0 0 0 
3282 | 8/31/19 | 3/30/19 | Sputum 2 0 +4+)+++) +4+4+ |++4+4+ 0 0 
3282 4/ 8/19 | 4/ 2/19 | Sputum 5 0 ++ aa ++ +++ 0 0 
3332 4/7/19 | 4/6/19 | Sputum 3- Cae One 0: 0 +++ 0 0 
8332.2 | 4/ 8/19 | 4/ 6/19 | Sputum 3 0 0 0 0 — 0 0 
3332 4/9/19 | 4/ 8/19 Tonsil 5 | ++ Gia omic ae acae |) seem Scone 0 
3332.2 | 4/10/19 4/ 8/19 | Tonsil 5 i) ++ 0 0 +++ 0 0 
3332.6 | 11/18/19 | 4/ 8/19 Sputum 3 0 + + + + 0 0 
3334 | 4/ 7/19 | 4/ 6/19 | Sputum 1 0 0 0 ae | 0 0 
3334 | 4/ 8/19 | 4/7/19 | Throat 2 | 0 0 a ae a aee 0 0 
3334.2 4/9/19 | 4/ 7/19 | Throat 2- || 0 COE Sill AX8) 0 Sass G 0 
8384.2 | 4/ 9/19 | 4/ 7/19 | Throat 2 0 0 ++ + +++ + 0 
3334.2 4/ 9/19 | 4/7/19 | ‘Throat 2 | 0 0 O | +++ [++++) 4+ 0 
3334 4/10/19 | 4/ 9/19 Sputum Sit 0 0 ++ ++ ++ 0 0 
$334.6 11/11/19 | 4/9/19! Sputum Baie he Paty 0 ofa il eter tee |e teeta te =f 0 
3365 4/14/19 | 4/13/19 | Throat 3 0 0.) ++ 0 +++ + 0 
3365 4/14/19 | 4/13/19 | Throat 3 0 Onl 0 0 Beck 0 0 
3365.2 4/15/19 | 4/13/19 | Throat 3 0 0 0 0 +e + 0 
8365 4/14/19 4/13/19 | Sputum 3 0 0 0 0 Sranan 0 9 
3365.2 | 4/14/19 | 4/13/19 | Sputum 3 0 0 0 0 Seo 0 0 
3365.3 | 4/16/19 | 4/13/19 | Sputum 3 + + + + +44 0 0 
3365.6 § 5/1/19 | 4/13/19 Sputum 3 0 0 0 Oo |++4++ 0 0 
3365.6 | 5/1/19 | 4/13/19} Sputum 3 0 0 9 9 +++ + 0 0 
3365.7 | 11/4/19 | 4/13/19 , Sputum 3 0 0 0 + +4++4+ 0 0 
8366 4/14/19 | 4/10/19 Tonsil 2 0 0 0 9 0 0 0) 
3366 4/14/19 | 4/10/19 Throat 2 0 0- | O 0 Se 0 0 
3366 4/14/19 | 4/10/19 | Sputum 2 0 Oe aO 0 ++ 0 0 
3366 | 4/14/19 | 4/12/19 Sputum 4 0 O | #4) +4 of S++ + 0 
3366.2 4/14/19 | 4/12/19 | Sputum 4 + + [e+ a= aceaa ar 0 
3366.3 | 6/17/19 | 4/12/19 | Sputum ATO a(t) 0 +++ 0 0 
3366.7 11/14/19 | 4/12/19 Sputum 4 0 0 0 0 5 ea 0 0 
3370 4/14/19 4/11/19 Sputum 2 0 0. 20 0 ++ 0 0 
3370.2 4/14/19 | 4/11/19 Sputum 2 0 0 0 0 4 0 0 
3370.3 4/16/19 | 4/11/19 | Sputum 2 0 0 0 ie Ses 0 0 
3370.4 4/21/19 | 4/11/19 Sputum 2 0 0 0} 0 + 5 0 0 
3370.6 5/1/19 | 4/11/19 | Sputum 2 0 OTe 0 Ss is ee 4 0 
8370.7 | 11/22/19 | 4/11/19 | Sputum 2 ++ + + ++ +++ +4 0 
RESULTS 


In table 1 are summarized representative experiments indicating the 
results obtained with the green-producing streptococcus isolated from 


patients with influenza. 
findings were noted : 


. 


In these and other experiments the following 
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1. The monovalent serum of horse 15 agglutinated specifically most 
of the strains isolated throughout short initial attacks of typical influ- 
enza (cases 3218, 3225 and 3332). 

2. Specific agglutination occurred (often in duplicate) in the pri- 
mary mass culture of sputum or throat swab and of material from 
animals dead from injection of sputum, and in the early subcultures 
of the green-producing streptococcus isolated from sputum, throat 
swab and animals injected with these strains (cases 3225, 3266, 3365 
and 3366). 

3. The immunologic condition of the green-producing streptococci, 
as manifested by their agglutinability in the various immune serums, 
varied between wide limits (cases 3282, 3332 and 3334). 

4. Specific agglutinability of most of the strains was lost on pro- 
longed cultivation (cases 3332 and 3370), but in some strains it was 
retained for a long time (cases 3334, 3365 and 3366). 

In table 2 are summarized representative experiments with strains 
of the green-producing streptococcus isolated during life and after 
death in cases of influenzal pneumonia. The results with the strains 
isolated early in these cases were similar to those isolated in cases of 
influenza (cases 3206, 3207 and 3264), while late in the disease during 
life (cases 3265 and 3331), and after death (cases 3404, 3410, 3420 
and 3436) the incidence of specific agglutination was decidedly lower, 
but even here the incidence was higher than that obtained with any 
of the other immune serums. 

The agglutination experiments with the green-producing strepto- 
coccus isolated from the same patient throughout both the influenza 
attack and the influenzal pneumonia which followed showed that there 
was practically no difference in the immunotogic condition of the 
strains isolated during influenza and during the early part of the influ- 
enzal pneumonia. Late in the pneumonic attack there was often a 
shifting of specific agglutination of these strains to one of the other 
serums, or agglutination to the same degree occurred in most of the 
immune serums; in other cases they might not be agglutinated by any 
of the serums. Thus in one case specific agglutination occurred in the 
serum of horse 15 of the primary culture from the sputum, and from 
the blood of a guinea-pig dead from an intraperitoneal injection of 
sputum, obtained on the third day of influenza. No agglutination 
occurred in any of the other serums. The colonies of the green- 
producing streptococci were quite moist and large, resembling type III 
pneumococci, but were not so mucoid in character, whereas on the 


‘ 
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TABLE 2 
AGGLUTINATION EXPERIMENTS WITH THE GREEN-PRODUCING STREPTOCOCCUS FROM INFLUENZAL 
PNEUMONIA 
Antiserums Controls 
Pneumococcus Streptococcus 
Case | Date of; Date of Day |———_—_ + | 
or Experi- | Isola- | Source OL 7 Hemo-| Green |Normal) NaCl 
Strain ment tion Dis- lytic Pro- Horse | Solu- 
ease E II III | Horse | ducing | Serum | tion 
9 Horse 
15 
3097 3/12/19 | 3/11/19 Sputum 1 0, | ++ 0 0 0 0 0 
3175.2 8/14/19 | 3/11/19 Sputum 4 Gea ean Geae Gee heya se + 0 
3175.2 | 3/27/19 | 3/11/19 | Sputum 4 0 0 0 0 eae 0 0 
3206 3/13/19 | 3/12/19 Sputum 2 0 0 0 0 Steatect 0 0 
3207 3/18/19 | 3/12/19 Sputum 4 0 0 0 0 ++-+ 0 0 
32072.2 | 4/ 3/19 | 3/12/19 Sputum 4 0 Stace 0 0 =“ -E=E 0 0 
3264 3/25/19 | 3/24/19 Sputum 8 0 0 0 ++ eciaet 0 0 
3264 3/25/19 | 3/24/19 Sputum 8 0 0 0 Sei cate ae 0 0 
32642.2 | 3/28/19 | 3/24/19 | Sputum 8 0 0 0 ae Shoe 0 0 
3265 3/25/19 | 3/24/19 Sputum 13 ++ + 0 ++ +++ + 0 
3265.2 3/31/19°| 3/29/19 Sputum 18 0 0 ++ 0 0 0 0 
3265.2 4/ 3/19 | 4/ 2/19 Sputum 21 0 OR i 80 0 0 0 0 
32652.2 | 4/ 3/19 | 4/ 2/19 Sputum 21 0 0 0 0 0 0 0) 
3265.4 9/ 3/19 | 4/ 2/19 Sputum 21 ++ ++ a ++ + + 0 
3270 4/ 4/19 | 4/ 8/19 Sputum 12 0 OD S20: Stectacte 0 0 0 
32702 4/ 7/19 | 4/ 3/19 Sputum 12 0 Onell ee O: ++ 0 0 0 
3270.2 4/ 7/19 4/ 3/19 Sputum 12 0 0 0 ++ 0 0 0 
32707.2 | 4/ 9/19 | 4/ 3/19 Sputum 12 0 OF ao ++ “po 0 0 
3331 4/ 8/19 | 4/ 7/19 Sputum 2 0 0 ++ aha aHtese 0 0 
3331 4/ 8/19 | 4/ 7/19 Tonsil 2 0 0 0 0 ++ 0 0 
8331 4/10/19 | 4/ 9/19 Sputum 4 0 0 0 0 0 0 0 
3404 4/18/19.| 4/17/19 Throat 1 oe Bail ate 4s Brae + 0 
3404 4/21/19 | 4/20/19 Sputum 4 0 OA) 20: 0 ate 0 0 
3404 4/21/19 | 4/20/19 | Sputum 4 OY | = ++ 0 0 
3404 4/25/19 | 4/24/19 Sputum 8 Oi) ey Seaicae || <)) 0 0 
3404 5/ 7/19 5/. 5/19 »Lung after 0 0 0 + + 0 i) 
death 
3404.2 5/ 8/19 | 5/ 6/19 Dune after} x. 0 9 0 ++ ana 0 0 
| eath 
2602.2 4/29/19 | 11/16/18 | Lung etter 0 0 || 0 aeae 0 0 
deat | 
26302.2 | 4/29/19 | 11/30/18 | Lung atts + +o} + ah Sear ar + 0 
deat 
3228 3/19/19 | 3/18/19 Lune giter oe Oa iee0 oO ; ++ 4 0 6 
eat 
3287.3 4/ 8/19 | 3/31/19 tae eee 0 0 0 0 aParSse 6 0 
eath 
3287.3 4/ 8/19 | 3/31/19 | Lung atte 0 0 0 0 Seat 0 0 
death 
3410 4/21/19 | 4/19/19 | Lung after 0 0 0 0 0 0 0 
| death | ; 
3415 4/21/19 | 4/19/19 aed oe 0 0 0 0 aeae ak 0 0 
eath 
3420 4/24/19 | 4/22/19 | Lung ane OF ihe 0 0 0 0 0 
deat | 
3433 4/25/19 | 4/24/19 ied otter so Teeseaeaa|| te 0 0 0 0) 0 
ea 
3436 4/26/19 | 4/25/19 | Lung after| .. 0 OM 0 +4++ 0 0 0 
death | 


second and sixth days of the pneumonia which followed, specific agglu- 
tination occurred in type III pneumococcus serum of the primary 
culture from the sputum in four tests. Less agglutination occurred in 
the serum of horse 15 in three instances, and in two instances in each 
of the type I] pneumococcus serum and hemolytic streptococcus serum 
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of horse 9. In another case of typical influenza the green-producing 
streptococcus in the primary culture and in the first subculture from 
the sputum on the third day was agglutinated specifically by the serum 
of horse 9, while on the second day of the influenzal pneumonia which 
followed, and after death, it was not agglutinated by any of the serums. 
In still another case specific agglutination occurred in the serum of 
horse 15 during influenza and early in influenzal pneumonia, whereas 
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Chart 1.—Percentage of specific agglutination in the monovalent serum of the green- 


producing streptococcus from influenza and influenzal pneumonia according to the day of the 
disease, 
later in the pneumonic attack specific and marked agglutination 
occurred in type II pneumococcus serum and lesser agglutination in 
the serum of horse 15. ie 

In chart 1 is given graphically the average percentage incidence of 
specific agglutination by the monovalent serum of the green-producing 
streptococci from influenza and influenzal pneumonia, according to the 
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days of the disease. The curves represent the results obtained on the 
days indicated. The antigen consisted throughout of the primary cul- 
ture of the sputum in dextrose-blood broth or of animals injected with 
sputum irrespective of what the culture showed on plating, and with 
the early subcultures containing the green-producing streptococcus. 
The close parallelism between the strains isolated in influenza without 
frank signs of lung involvement and the cases of influenzal pneumonia 
is shown by the fact that the average incidence of specific agglutina- 
tion, while somewhat lower in the latter, runs roughly parallel. The 
average incidence of specific agglutination for both influenza and influ- 
enzal pneumonia strains was highest during the first four days, when 
a gradual decline occurred up to and including the eighth day. A 
number of facts indicate that these strains of different agglutinability 
which appear late in the pneumonic attack are modifications of the 
strains which are agglutinated specifically by the monovalent serum 
early in the attacks, and that their appearance is not always the result 
of superimposed infections from without. The specific strains tend 
to lose this property on artificial cultivation. The various strains have 
been found to be unstable in their cultural character and fermentative 
reactions. . 

There was no parallelism between the occurrence of specific agglu- 
tination in the serum of horse 15 of the different strains and their 
power to ferment inulin, or their solubility in bile. 

Moreover, marked changes in the immunologic condition as mea- 
sured by agglutination tests have occurred in a number of strains 
following successive (intratracheal) animal passages. 

Thus strain 2719 was agglutinated completely and specifically by 
the serum of horse 15, as isolated and after one animal passage. Less 
agglutination occurred in the serum of horse 9, but none in any of the 
other serums, whereas after the third and fourth animal passages 
agglutination in the serum of horse 15, while still specific, was less 
marked and some agglutination occurred in each of the other serums. 

In strain 2749 a similar change in agglutinability occurred during 
the third and fourth animal passages. 

In case 2800 the patient from whom the strain was isolated with 
which horse 15 was immunized, specific agglutination increased during 
the first and second animal passages’ over that noted before animal 
passage, and a marked diminution in agglutination occurred in the 
serum of horse 15 after the fourth animal passage. 
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In summarizing the agglutination tests which were made in a rou- 
tine manner throughout the epidemic of 1918-1919 it was found that 
material from influenza and influenzal pneumonia, without regard to 
the time in the attack when the sputum or other material was obtained 
for culture, and without regard to the type of flora the cultures of the 
sputum or primary culture showed, was subjected to the agglutinating 
action of the monovalent immune serum in 567 experiments, represent- 
ing 184 cases. Of these, 295 (52 per cent.) showed specific agglutina- 
tion in the serum of horse 15. The primary culture of the sputum in 
many instances, especially late in the disease, and of the lung exudate 
after death, showed predominating numbers of hemolytic streptococci, 
less often staphylococci and rarely colon bacilli or bacillus mucosus. 

Specific agglutination occurred in the serum of horse 15 in 29 
instances (58 per cent.) of 50 experiments, representing 25 cases, and 
in 20 of the 25 cases in which the antigen consisted of a salt solution 
suspension of the primary culture of the sputum or blood of animals 
dead from injection of sputum, or of pure cultures of these after sus- 
pension in 50 per cent. glycerol for some months. All these were 
cultures from cases which occurred during the first two waves of the 
disease. 

The relative significance of these figures becomes more apparent 
from a study of tables 1 and 2, in which it is shown that there is a 
relatively greater frequency and a greater degree of agglutination in 
the serum of horse 15 over those in the other immune serums ; that the 
antihemolytic streptococcus serum (horse 9) ranks second, and that 
with few exceptions only a slight difference occurred between the type 
pneumococcus serums and norimal horse serum. The exact figures of 
the total average incidence of agglutination from slight to marked 
agglutination in the different serums of the strains from influenza and 
influenzal pneumonia were found to be as follows: type I pneumococcus 
serum in 20 per cent. of 563 tests; type II pneumococcus serum in 22 
per cent. of 525 tests; type III pneumococcus serum in 21 per cent. of 
524 tests; horse 9 serum in 39 per cent. of 561 tests; horse 15 serum in 
61 per cent. of 567 tests; normal horse serum in 23 per cent. of 556 
tests ; salt solution in 7 per cent. of 555 tests. It is certain that the high 
incidence of agglutination in horse 15 serum was not due to nonspecific 
effects, since its agglutinating power over 72 strains of green-producing 
streptococci or pneumococci from sources other than influenza was 
25 per cent., or about that of normal horse serum. Moreover, the 
average amount of agglutination in the serum of horse 15 with the 
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influenza strains was much higher than in the other serums. The con- 
trol strains included, in addition to type pneumococci and hemolytic 
streptococci, green-producing streptococci from a wide range of 
sources, such as the nose and throat of normal-persons, the nose of 
normal guinea-pigs, throats in simple nasopharyngitis, the central ner- 
vous system in poliomyelitis, ulcer-of the stomach, and arthritis. 

As I have pointed out, there was a tendency of the green-producing 
streptococci to become heterogeneous and to lose the property of spe- 
cific agglutination after prolonged cultivation on artificial mediums. 
This varied greatly with different strains (tables 1 and 2). One hun- 
dred and fourteen strains after cultivation on artificial mediums 
(chiefly blood agar) for from 6 to 10 months were subjected to the 
agglutinating action of the monovalent and the other serums. In these 
only 26 strains, or 23 per cent., were agglutinated specifically by the 
monovalent serum. This low-figure was no doubt due in part to the 
deterioration of the serum. It has been pointed out elsewhere (study 
III) that as these strains are cultivated on artificial mediums they tend 
to agglutinate spontaneously in liquid cultures, and many strains are 
unsuited for agglutination tests. This tendency was noted also in the 


strains which grew diffusely in that the incidence of nonspecific agglu- 


tination in the various serums was considerably higher than in the 
freshly isolated strains. Thus of the 114 experiments, nonspecific 
agglutination, usually slight, occurred in type I pneumococcus serum 
in 25 per cent.; type II, in 23 per cent.; type III, in 24 per cent. ; anti- 
hemolytic streptococcus serum horse 9, in 54 per cent.; monovalent 
serum horse 15, in 78 per cent., and in normal horse serum, in 35 
per cent. : 

The close relationship between the green-producing streptococcus 
and hemolytic streptococcus in influenza is shown by the fact that 18 
per cent. of 44 strains of hemolytic streptococci isolated during life and 
after death in influenza were agglutinated specifically by the serum 
of horse 15. 

Beside the time in the attack in which the cultures were made 
(chart 1) and the predominating flora at hand, the instability of the 
strains of green-producing streptococci had to be taken into considera- 
tion in properly interpreting the results of the agglutination experi- 
ments, for by plating the culture actually agglutinated it was found 
that nonspecific agglutination by the serum of horse 15 was often due 
either to the fact that green-producing streptococci were not inoculated, 
or marked changes had occurred in the culture. After these discrepan- 
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cies, and the earlier experiments in which plates were not made of the 
cultures actually agglutinated are eliminated, there are in all 252 tests 
in which the culture subjected to the agglutinating action of the serum 
was proved to contain green-producing streptococci. Of the 252 tests, 
120, representing 92 different cases, were made with the green-pro- 
ducing streptococci in the primary culture of dextrose-blood or acacia 
broth from sputum and throat exudate during life and lung exudate 
after death. In 72 (60 per cent.) specific agglutination occurred in 
the serum of horse 15. Of 27 tests, representing 16 cases, 19 (70 per 
cent.) showed specific agglutination in this serum in the primary cul- 
ture of blood or peritoneal exudate of animals dead from injection of 
sputum, or primary culture of sputum. In the remaining 105 tests in 
which pure cultures of the green-producing streptococci in from the 
first to the sixth subcultures were used as antigen, representing 90 cases 
of influenza or influenzal pneumonia, 85 (81 per cent.) showed specific 
agglutination in the monovalent serum. Thus specific agglutination of 
the green-producing streptococci, which was proved to be contained 
in the antigen used, occurred in the monovalent serum in 176 of 252 
agglutination experiments, an average of 7O per cent. Hence this 
figure may be taken to express roughly the percentage of the strains 
of green-producing streptococci which were immunologically identical 
and found throughout influenza and influenzai pneumonia. 

Through the kindness of Major Fennell, of the Army Medical 
School, I have had an opportunity to test the behavior of strains of 
green-producing streptococci and type IV pneumococci, which he 
obtained from widely separated localities, toward the monovalent 
serum of horse 15. The source of these strains and their immunologic 
condition as measured by the various immune serums are given in 
table 3. Specific agglutination was obtained in 12 of 16 strains, or in 
75 per cent. of the strains isolated from influenzal pneumonia, and in 
no instance in four other strains, one isolated from the normal mouth 
in Washington during the epidemic and three strains of pneumococci 
which Major Fennel isolated from spontaneous pneumonia in the 
monkey. A study of the results obtained with these strains in relation 
to their solubility in bile and their ability to ferment inulin shows that 
in these strains, as in those isolated in Rochester, specific agglutination 
does not depend either on whether they are or are not bile soluble, 
or whether they do or do not ferment inulin. Some of the negative 
agglutinations may be due to the fact that the strains had been culti- 
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vated for some time before the agglutination tests were made, all being 
in at least the eighth subculture. The incidence of agglutination of 
these strains by the other serums is about that of the strains isolated 


by us. 
TABLE 3 


AGGLUTINATION EXPERIMENTS WITH STRAINS OF GREEN-PRODUCING STREPTOCOCCI FROM WIDELY 
Distant LOcALITIES 


Antiserums Controls 
Pneumococeus | Streptococcus 
os Solu-| Acid 
Strain Source Hemo-| Green |Normal} NaCl | bility) in 
lytic Pro- | Horse! Solu-| in | Inu- 
iT II | Ill | Horse | ducing! Serum | tion | Bile | lin 
9 Horse 
15 
$1 Influenzal pneumonia, Camp 
Wheelers wceusunst eter etcmrer | 0 0 + ar SPER Se 0 0 0 45 
$3 Infiuenzal pneumonia, Camp 
WieClOr: 3.58 ieiie steed ateieierers ete 0 0 0 0 Gisele sie 0 0 0 0 
83 Influenzal pneumonia, Camp 
ORIGINS Te Alcoa mettome cere 0 0 0 0 SParaeGe 0 0 0 0 
$5 Influenzal pneumonia, Camp 
Wihesler: icin .cectcdse eon Ue ee Seae | cpa leper ar 0 0 0 0 
86 | Influenzal pneumonia, Camp 
Wiheclerii cen ssa eceeeee 0 0 0 0 creat 0 0 0 0 
55 | Influenzal pneumonia, Camp 
Wheeler: 20tGd5. Sines ancat 0 0 0 0 + 0 0 aa is 
$14 Influenzal pneumonia, Chi- 
COLO jodi acu ares cee sees cne | 0 0 0 0 +++ 0 0 0 0 
S 24 Influenzal pneumonia, Chi- | 
CARLO. ok de hectinn teen eel eae a 0 0 ++ Gy ke 0 0 0 0 
$17 | Influenzal pneumonia, Wal- : 
ter Reed Hospital........... 0 0 0 0 0 0 0 0 0 
24 Influernizal pneumonia, Wal- 
; ter Reed Hospital........... 0 0 0 ++ Siete 0 0 ate = 
15 Influenzal pneumonia, Camp 
Shermans sto. acusiacseceee one 0 0 0 0 aay 0 0 ap + 
$19 | Influenzal pneumonia, Camp 
ShePVMAN. « .e6ceccacee was ocles 0 0 0 Sages ses sean ap 0 0 + 
S 25 Influenzal pneumonia, Camp 
SHERMAN: Ss jcae cid ee eiisaiee 0 0 0 0 0 0 0 0 0 
$27 | Influenzal pneumonia, Johns % 
HOpRInS: Sfacccctederenceas 0 0 0 0 0 0 0 0 0 
113 Influenzal pneumonia, Camp 
Greene scot don Seca tewes 0 0 0 0. |. +4#++ 0 0 + + 
152 Infiuenzal pneumonia, Camp 
GreeNE...).cereciatiaistsroeeeiotoietee 0 0 0 0 0 0 0 + + 
149 | Normal mouth, Washington | 
during epidemic............. | @ 0 0 0 0 0 0 + SP 
194 Spontaneous pneumonia, 
MONKEY caisiatcrercie icine he eeicisw ars 0 0 0 0 0 0 0 + + 
212 | Spontaneous pneumonia, 
MODECY:. ..oiokieeuccsmamieeoss 0 yw 0 0 0 0 + + 
225 | Spontaneous pneumonia, 
| THON KE Ya ccteasaiteeerstasteiatoiee ee 0 0 0 6 0 0 0 + + 
225 | Spontaneous pneumonia, 
TNODEOY.c aorcienise:< v's aesaiiea 0 0 0 0 0 0 0 ce + 


. Owing to the instability of the green-producing streptococci from 
influenza, and the tendency to the development of mutation forms, it 
was found necessary to inoculate a blood-agar plate with the culture 
subjected to the agglutinating action of the different serums in order 
to interpret properly the results obtained. 
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Striking examples of the development of mutation forms as mea- 
sured by changes in morphology in cultural characteristics and in 
immunologic conditions were noted in many instances. The source of 
the micro-organism, the culture medium inoculated and the effect of 
the various serums in some of the cultures which yielded mutation 
forms on plating are summarized in table 4. It will be noted that in the 
first nine experiments, hemolytic streptococci were obtained on the 
blood-agar plate in pure culture in eight and together with staphylococci 
in two when single colonies or groups of well isolated colonies of green- 
producing streptococci were inoculated, and that specific agglutination 
by the serum of horse 9 occurred in three, and in the serum of horse 15 
in one instance. The rest were not agglutinated by any of the serums. 

In experiments 10 to 13, inclusive, pure cultures of green-producing 
streptococci were obtained from the dextrose-blood or dextrose-acacia 
broth when single colonies of hemolytic streptococci were inoculated. 
One of these was agglutinated specifically by the hemolytic strepto- 
coccus, the other by the green-producing streptococcus antiserums. In 
these experiments it is assumed that the culture actually agglutinated 
contained the type of streptococcus homologous to the serum which 
agglutinated specifically. Proof that this was actually the case could 
not be obtained, because it is conceivable that mutation forms might 
develop not in the broth culture, but as growth occurred on the blood- 
agar plate, and the morphology of the two types of streptococci were 
so similar that differentiation in this way was not possible. 

In experiments 14 to 24, inclusive, in which the mutant was a strep- 
tococcus, the morphology and immunologic condition were sufficiently 
different from that of the. organisms inoculated to make it possible to 
determine where the mutation occurred. Specific or marked agglu- 
tination in the monovalent serum occurred in the dextrose-blood or 
acacia broth cultures in all but one of these strains. Smears of the 
cultures agglutinated in these showed no staphylococci, but typical 
elongated diplococci singly or in chains of variable length. 

Smears of those in which agglutination did not occur (experiment 
24) showed staphylococci, and agglutination experiments with strepto- 
cocci from the sputum in influenza were not agglutinated by this or 
other serums (experiments 29 to 34). The number of staphylococcus 
colonies on the plates was often very large. Their number and dis- 
tribution on the plates were such as to exclude the possibility of con- 
tamination from the air. Hence it is certain that mutation must have 
occurred on the blood-agar plates, and that many of the organisms in 
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the tall cultures of dextrose-blood or acacia broth took part in this 
process. The lack of specific agglutination when the cultures of hemo- 
lytic streptococci yielded staphylococci is also in harmony with this idea. 

Similar results were obtained in many instances in which influenza 
bacilli were inoculated into the dextrose-blood broth (experiments 35 
to 44). In most of ‘these the culture of influenza bacillus was derived 
from a single colony on blood-agar plates inoculated with sputum, 
and in these it-is conceivable, but not probable, that what appeared as 
a mutation might merely be the growth of this organism in the broth 
when inhibited on the blood-agar plate, the contact on the blood-agar 
plate inoculated with the sputum not being sufficiently intimate to 
allow growth of one or a few organisms. . 

Control inoculations from the colony fished in these as well as in 
the streptococcus experiments made in the immediate neighborhood of 
the colony or on another blood-agar plate showed only the growth 
characteristic of the colony from which inoculated. Moreover, similar 
results were obtained with some strains after many subcultures and 
after repeated platings from single colonies (experiments 41 and 42). 
The mode of occurrence, the immunologic condition, the control cul- 
tures of the blood used in the broth, and finally, the fact that the 
mutants were often highly virulent, rule out all reasonable possibility 
that we were dealing with contaminations, but, as pointed out else- 
where, final conclusions cannot be drawn until the pure line require- 
ment has been fulfilled. 

The suddenness and degree of the changes noted throughout these 
studies were similar to those I noted in a study on the transmutation 
of pneumococci and streptococci, and to those described by Clough in 
a study of pneumococci reacting with all of the three antipneumococcus 
type serums and in which a striking example of mutation occurred. 

By the use of various immune serums, including the monovalent 
serum, it may be concluded that the somewhat peculiar green-producing 
streptococci noted at the outset of the epidemic and isolated so con- 
stantly since, both in influenza and influenzal pneumonia, are immu- 
nologically quite homogeneous. A high percentage of the strains, 
especially those isolated early in the attacks, are agglutinated specifi- 
cally in the serum prepared with one of these strains. Highly agglu- 
tinable strains, as has been shown, absorb the agglutinins for other 
strains. The serum of patients recovering from influenza acquires 
agglutinating power over homologous and other strains. This finding 
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is in accord with those of Tunnicliff and of Howell and Anderson, 
who also find immunologic evidence of the identity of green-producing 
streptococci from influenza. Specific agglutination occurred in the 
monovalent serum irrespective of whether or not they fermented inulin 
or of whether they were bile soluble or insoluble. After cultivation 
on artificial mediums, and after repeated animal passages, as well as 
late in influenza and influenzal pneumonia, the strains tend to become 
more heterogeneous. 

The findings of immunologically dissimilar green-producing strep- 
tococci late in influenza is in harmony with the results obtained by 
Mathers in a study of pneumococci in reinfection in lobar pneumonia 
in which the type was also found to change. Evidence has been 
obtained to show that the mutation forms which develop in vitro and 
in vivo in animals are in general similar immunologically to the organ- 
isms commonly isolated in influenza. It has been shown elsewhere that 
they resemble these also in infecting power. Hence, it would seem that 
mutation may play an important role in the pathogenesis of influenza. 
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STUDIES IN INFLUENZA AND PNEUMONIA 


XI. THERAPEUTIC EFFECTS OF A MONOVALENT ANTISTREPTOCOCCUS 
SERUM IN INFLUENZA AND INFLUENZAL PNEUMONIA 


E. C. RosENOW 


Division of Experimental Bacteriology, The Mayo Foundation, Rochester, Minnesota. 


In this study I shall record the results obtained in the treatment 
of influenza and influenzal pneumonia with the serum prepared with 
one strain of the green-producing streptococcus, and a study of the 
immunologic condition of the streptococcal flora of the sputum made 
at the same time in the patients receiving the serum injections. 

The serum was used in undoubted and, with one exception, in 
severe cases only. All injections were made slowly intravenously. The 
amount injected at one time varied from 25 cc to 100 cc of the 
undiluted serum. In some instances a desensitizing dose of 1 cc was 
given one hour previously. Twelve patients were given the serum. 
These may be conveniently divided into three groups according to the 
agglutination tests and therapeutic results. 


Group 1 (Four Patients) —The sputum of all contained predomi- 
nating numbers of green-producing streptococci which were agglu- 
tinated specifically by the monovalent serum. All four patients showed 
marked improvement and recovered promptly following the serum 
treatment. Three of the patients were experiencing the initial influ- 
enzal attack, and one had a recrudescence at the time of the serum 
treatment. The lung findings remained limited; none of the patients 
developed outspoken signs of extensive consolidation. In at least two, 
the improvement seems definitely attributable to the serum since the 
lung findings and symptoms were on the increase at the time of the 
serum treatment (cases 1, 2 and 3, and chart 1). 


Case 1 (3283)—Mrs. H. C. L. came to the Clinic March 11, 1919, on 
account of nervousness, general weakness, fluttering of the heart and profuse 
menstruation. The symptoms followed a severe attack of influenza in October, 
1918. Examination revealed a pelvic tumor for which a hysterectomy was 
advised. 

March 28 the patient was admitted to the isolation hospital, with symptoms 
of influenza. She had been taken ill five days before with moderate headache 
aching in the arms and back, sore throat, cough and slight nausea. These symp- 
toms grew gradually less severe until the day before admission to the hos- 
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pital, when she became worse with general aching, chilly sensations in the 
back, but no distinct chill or fever. The patient’s throat was diffusely red, her 
tongue coated, she was cyanotic, and crackling rales were elicited over the 
bases of both lungs, especially on the right side. Findings of the heart, blood 
and urine were normal. On the day of admission the sputum was slightly 
blood streaked. No evidence of consolidation was noted at any time. A cul- 
ture of the sputum showed predominating numbers of green-producing strepto- 
cocci and a few staphylococci, and the primary culture in dextrose-blood broth 
was agglutinated specifically by the serum from horse 15 (table 1). March 29 
the patient was given 50 cc of this serum; the aching disappeared during the 
course of the day, the cough lessened, and the following day the temperature 
dropped perceptibly and became normal (chart 1). The leukocyte count was 
7,300 the day after admission and rose to 13,500 March 31 and April 1. The 
patient made an uneventful recovery. 

Case 2 (3208).—A farmer of middle age, entered the hospital March 
11, 1919. He complained of severe backache, headache, inability to sleep, 
sore throat and cough. The illness had begun the previous day with chilly 


Case 3283 Case 3208 Case 3408 z a 
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Chart 1.—Temperature, pulse and leukocyte curves in three patients in whom specific 
agglutination of the green-producing streptococcus from the sputum was obtained, and in 
whom marked improvement followed injection of the monovalent serum. In this and the 
following charts temperature is indicated by a solid line; leukocytes by a long and short 
dask line; pulse by a short dash line, and serum injections by arrows. 


sensations but there had been no distinct chill. The patient’s lips and finger- 
nails were moderately cyanotic, he was mentally apathetic, although he com- 
plained of inability to sleep. His throat was diffusely red. The tonsils were 
also congested and the tongue was heavily coated. In the night of March 13 
severe hemorrhage from the nose occurred and continued at intervals the follow- 
ing day. The lung findings were negative until March 17 when a small area of 
dulness was found at the inferior angle of the left scapula with slightly 
increased vocal fremitus and a suggestion of bronchial breathing. Later in 
the day dulness at the left base of the lung, fine crepitant rales in showers, 
and distinct bronchial breathing, especially at the inferior angle of the scapula 
near the spine, were noted. The sputum at first was mucopurulent, but March 
13 it became serous in character and streaked with blood. Leukopenia was 
marked (chart 1). Blood-agar-plate cultures of the sputum obtained March 
13, 15, and 17, showed countless numbers of green-producing streptococci, a 
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TABLE 1 


AGGLUTINATION EXPERIMENTS WITH CULTURES FROM THE SpPuTUM IN Cases oF INFLUENZA 
AND INFLUENZAL PNEUMONIA IN WHICH IMMUNE SERUM was USED 


Antiserums Controls 
Date ; 
on Condition of Culture Pneumoerceus | Streptococcus 
Which at Time of 
Case | Sputum Agglutination Test Hemo-| Green- Normal] NaCl 
Culture Dextrose-Blood-Broth lytie |produc-) Horse | Solu- 
Was Inoculated with I Il Ill of ing of | Serum | tion 
Made Horse | Horse 
9 16° Se 
8208 3/13/19 | Single green colony strepto- 
COCCUB a fer ee title stieiielen toto 0 0 |} O 0 qa 0 0 
Green-producing streptococ- | 
cus after one animal pas- | é 
SARE. cai cet rc come deen ceteris 0 0 | 0 ++ |+#+++ 1) 0 
Green-producing streptococ- 
cus in third generation 
| | after one animal passage...| + + + fe Se 0 0 
3276 3/28/19 | Washed sputum.............. 0 0 0) 0 +++ 0 0 
Blood of mouse dead from | 
intraperitoneal injection 
of sputum. Pure green 
streptococcuS............66. +e | ee | ++ ++ j++++)] ++ 0 
3/30/19 | Washed sputum.............. 0 Se lapaear af + Ww 
Blood of guinea-pigs inject- | 
ed intratracheally with | 
moist, spreading greenish 
colony of streptococcus | 
FPOMSDUEUIN seyerscenie eel setes O23) -e=E 0 0 0 0 | 
4/ 2/19 | Washed sputum 0 ++ Sear 0 0 0 | 
3282 | 3/30/19 | Washed sputum.............. (VSR E SL) Be Wepre) eee ab ae SE 0 0 
4/ 2/19 | Washed sputum.............. 0 ee ets ++ aaa 0 0 
3283 3/30/19 | Washed sputum.............. 0 OF 80; 0 + 0 0 
| Single colony moist, green 
| | strepbococeus....<.i. cco. 0 a 0 oo Gaeta 0 0 
3338 | 4/ 7/19 | Washed sputum.............. 0 O- |) aa (theese Se 0 
4/ 8/19 | Swab from throat eet 10 0 ‘0 0 + 0 0 
4/ 9/19 | Washed sputum.............. 0 0 0 + ++ 0 1) 
4/11/19 _| Washed sputum.............. 0 ++ 0 ++ 0 0 0 
4/13/19 | Washed sputum.............. = + + + + + 
| Single colony green-produc- 
ing streptococcus from} 
joka bb 00 Ar omnye crear od do. an + 0 + ++ —--- + 8 
4/16/19 | Washed sputum.............. 0 0 0 0 0 0 
4/17/19 | Washed sputum.............. 0 0 0 ++ i 0 0 
4/25/19 | Exudate right lung (hemo- 
lytic streptococci).......... 0 Par 0 Steeteats 0 Sea 0) 
Exudate right lung (hemo- 
lytic streptococci).......... + ~ ao +++ + + 0 
3341 | 4/ 8/19 Tonsilswabsceeceeeree seer 0 0 0 0 0 0 0 
4/ 9/19 | Washed sputum.............. 0 |+++) O 0 ++ 0 0 
4/11/19 | Washed sputum............¢. O JH+t+! ++ ++ +4 0 0 
| 4/12/19 | Single colony green strepto- 
| COCCUSHeruiins yeemcacnninee 0 j+++) 0 eat aeae 0 0 
3402 4/17/19 THYOAtISWADs vcs acces eee 0 0 0 0 0 0 
| iWashed sputum ccc cemieteeye + + + + + + 
3408 4/18/19 | Washed sputum.............. 0 0 0 0 “ 0 0 
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few staphylococci, but no hemolytic streptococci nor influenza bacilli. A 
blood culture made March 12 was negative. Dextrose-blood-broth cultures 
of the green-producing streptococcus isolated directly from the sputum March 
13 and from the lung of a guinea-pig injected intratracheally with the sputum 
were agglutinated specifically by the serum. of horse 15 (table 1). March 14 
the patient’s condition was very serious. Cyanosis was increasing, the sputum 
became more bloody and frothy, the mental apathy was worse, and prostra- 
tion and epistaxis were marked. In the afternoon the patient was given 60 cc - 
of the serum intravenously. The hemorrhage from the nose stopped, the 
patient’s general condition became much better, and he was brighter mentally 
soon after the injection. The following day the injection of serum was repeated. 
The temperature dropped gradually to normal, and uneventful recovery fol- 
lowed (chart 1). The effect of the serum in this case appeared strikingly 
favorable, and probably was not coincident, since the symptoms and lung 
findings were on the increase at the time the serum was given. A slight 
urticarial rash developed ten days later. This patient was one of a group of 
five from the same locality who had severe attacks of influenza within a few 
days of each other after their arrival in Rochester; two of the patients died. 

Case 3 (3408).—A middle aged man, entered the hospital April 14, 
1919. He complained of severe aching, headache, malaise, weakness, sore 
throat, and slight cough. A general examination revealed moderate cyanosis, 
without manifest dyspnea, mental apathy, a diffusely red throat, and coated 
tongue. The chest findings were negative on the dzy of admission, but bubbling 
rales over both chests were elicited posteriorly April 15, 16, 17 and 18. The 
sputum obtained April 18 was mucopurulent. The cultures showed countless 
numbers of staphylococci and a moderate number of rather moist, spreading, 
green-producing and hemolytic streptococci. The leukocyte count on the 
fifteenth was 4,700. A blood culture made on the nineteenth proved negative. 
The primary culture of the washed sputum in dextrose-blood broth was agglu- 
tinated specifically by the serum of horse 15 (table 1). April 19, 25 cc of 
the serum were injected intravenously; the temperature and pulse rate dropped 
rapidly, and the general improvement was marked. The patient recovered 


promptly. 

Group 2.—The three patients in this group were treated with the 
serum, and all showed marked improvement following injections during 
the initial attack of influenza when the green-producing streptococci 
from the sputum were agglutinated specifically by the monovalent 
serum. Later the patients developed bronchopneumonia due to green- 
producing streptococci that were not specifically agglutinated by this 
serum or by any of the immune serums tested (table 1, cases 4 and 


5, and chart 2). 


Case 4 (3282).—A woman, aged 48, came to the Clinic because of the 
recurrence of an. abdominal tumor which had been operated on two years 
before. She was admitted to the isolation hospital March 28, 1919, stating 
that she had become ill the day before with a severe chill, sore throat, head- 
ache, and severe general aching. Her lips and fingernails were cyanotic, she 
was short of breath, even when lying quietly in bed, and abundant crepitant 
rales were found posteriorly at the left base of the lung and on the right 
side. A culture of the sputum obtained on the day of admission showed a 
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large number of staphylococci and green-producing streptococci, and dupli- 
cate cultures in dextrose-blood broth were agglutinated specifically by the 
serum of horse 15 (table 1). March 29 and 30, 80 cc and 60 cc, respectively, of 
the serum of horse 15 were given intravenously. The patient’s general con- 
d'tion improved following both injections, and her temperature and pulse rate 
dropped to normal (chart 2). The temperature remained normal for four days, 
and the abnormal lung findings almost disappeared. On the fifth day the tem- 
perature again rose and remained high for nine days, the pulse was rapid, | | 
and a sharp rise in the leukocyte count occurred. On the day following the 
rise of temperature an urticarial rash covered the entire body. With the 
increase in the temperature, dulness, bronchovesicular breathing and crepitant 
rales developed over the right side below the angle of the scapula. A culture 
of the sputum on the first day of normal temperature which followed the 
injection of the serum showed countless numbers of green-producing strepto- 
cocci and staphylococci. The primary culture in dextrose-blood broth was 
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Chart 2.—Temperature, pulse and leukocyte curves in two patients in whom specific 
agglutination of the streptococcus was obtained during the initial attack, in whom there was 
marked improvement following injection of the monovalent serum, and in whom immuno- 
logically different green-producing streptococci were found during a reinfection. 


again agglutinated specifically by the serum of horse 15. No cultures of the 
sputum were made subsequently. During the latter part of the attack of pneu- 
monia, as the pulse rate crossed the temperature line (chart 2), the patient’s 
condition was extremely critical for a number of days, but she finally made 
a complete, although slow, recovery. 

Case 5 (3338)—A woman, aged 39, housekeeper, entered the isolation hos- 
pital April 5, 1919. Three days before the patient had felt chilly and could 
not get warm; she complained of moderate aching and was stiff in the joints 
and muscles. Two days afterward she developed a cough with a slight sore 
throat, and a moderately severe headache. If quiet in bed, she appeared well, 
but her lips and fingernails were decidedly blue. The examination of the chest 
was negative. On the morning of April 7 appeared a small area of slightly 
decreased resonance, bronchovesicular breathing, and_a few rales below the 
angle of the left scapula near the posterior axillary line. The evening of 
April 8, crackling rales were heard on both sides in the lower axillae and 
posteriorly. On the morning of April 9 there were impaired resonance and 
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crackling rales over the left base behind and at the side, and crackling rales 
on the right base posteriorly. The sputim was blood tinged and serous. By 
evening there was dulness over both lower lobes, but no definite bronchial 
breathing; crackling rales were heard over the entire chest. A culture of the 
sputum April 7 showed countless numbers of staphylococci and green-producing 
streptococci, a few hemolytic streptococci, and a moderate number of influ- 
“-enza bacilli. The primary culture in dextrose-blood broth of the washed 
sputum obtained April 7 and 9, and of a throat swab, showed almost pure 
cultures of green-producing streptococci which were agglutinated specifically 
by the serum of horse 15. Accordingly the patient was given intravenously 
100 cc of serum April 9 and 10, respectively. The patient’s general condition 
improved following both injections, the cyanosis became less marked, the 
expectoration diminished, and a drop in temperature and pulse rate occurred, 
the temperature reaching normal the day after the second injection (chart 2). 
The temperature remained normal for two days and then began to rise again, 
as evidence of a new involvement of the lung developed. The pulse rate 
remained high and continued unusually high throughout the fatal recurrence. 
Cultures of the sputum obtained on April 11, 13, 17 and 18 showed countless 
numbers of staphylococci, green-producing streptococci, an increasing num- 
ber of hemolytic streptococci, and a few influenza bacilli. The green-producing 
streptococci, however, were no longer agglutinated specifically by the serum 
of horse 15 (table 1). The leukocyte count was persistently low throughout 
the first attack of fever, and at the onset of the recurrence, but then it rose 
to a high point, the maximum (43,000). being reached on the sixth day. On 
the two subsequent days the leukocytes diminished markedly and the patient 
died on the following day from what appeared to be cardiac failure from an 
overwhelming toxemia. After death the lung showed green-producing strepto- 
cocci, hemolytic streptococci, and staphylococci, but no influenza bacilli. 
Duplicate cultures in dextrose-blood broth of the lung exudate showed hemo- 
lytic streptococci which were agglutinated by the antihemolytic streptococcus 
serum from horse 9. The reinfection in this case was clearly due to strepto- 
cocci which were culturally identical, but immunologically were unlike those 
found during the initial attack. The anatomic diagnosis made at necropsy 
was: “Unresolved influenzal bronchopneumonia; marked enlargement of the 
tracheobronchial lymph nodes; purulent hemocatarrhal tracheal bronchitis ; 
bilateral serofibrinous pleuritis; marked engorgement of the venous trunks 
of the body; petechial hemorrhages in the lining of the stomach and duodenum; 
hemorrhagic cystitis and marked hyperplasia of the spleen.” 


Group 3.—This group consisted of five cases in which no improve- 
ment followed the injection of the serum. In none of these was 
specific agglutination obtained at the time of the serum treatment, 
and all the patients died. In one case (case 3276) the agglutination 
of the streptococcus isolated from the sputum shifted from the serum 
of horse 15 to type III pneumococcus serum. In another case (case 
3341) agglutination occurred in type II pneumococcus and hemolytic 
streptococcus serums. In the third case (case 3402) the sputum showed 
hemolytic streptococci which were not agglutinated by any of the 
serums (table 1). In two cases in this group countless numbers of 
green-producing streptococci were found in the sputum which were 


SZ ; E. C. RosENow 


cor 


not agglutinated by any of the serums, and the patients were moribund 
at the time of the serum treatment. Cases 6, 7 and 8 illustrate the 
conditions found in this group of cases. 


Case 6 (3276)—A farmer, aged 36, was admitted to the isolation hos- | 
pital March 27, 1919. He had developed fever, backache, general aching, 
headache, dry throat, cough, and marked weakness the day before. On. March 
28 the throat was congested; the chest was negative except for a few scattered 
crackling rales. March 29 crackling rales and decreased resonance were found 
at the base of the left lung. The sputum was moderately bloody. On the 
afternoon of March 29 the patient was given 50 cc of serum from horse 15; 
the injection had no effect. April 1 there were definite signs of pneumonia 
on the left side, especially below the angle of the left scapula. The sputum 
was very frothy and bloody. The patient’s condition grew rapidly worse, 
cyanosis and dyspnea increased, and he died from typical hemorrhagic pul- 
monary edema April 2. The leukocyte count was low at first, but it rose 
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Chart 3.—Temperature, pulse and leukocyte curves in three patients in whom specific 
agglutination of streptococci from the sputum was not obtained and in whom the injection 
of the monovalent serum was without effect. 


to 15,000 on March 31, and with the overwhelming toxemia showed a marked 
drop to 3,500 April 1, with another slight increase on the day of death 
(chart 3). Cultures from the sputum obtained March 28 showed countless 
numbers of moist, spreading, green-producing streptococci, a few staphylo- 
cocci, but no hemolytic streptococci nor influenza bacilli. The primary cul- 
ture in dextrose-blood broth of the washed sputum obtained on the twenty- 
eighth, and of the blood of a mouse, dead from intraperitoneal injection of . 
sputum, were agglutinated specifically by the serum of horse 15. In contra- 
distinction to this, March 30, the primary dextrose-blood-broth culture of 
the washed sputum, and of the moist, spreading, greenish colony of strepto- 
cocci from the sputum was agglutinated specifically by type III pneumococcus 
serum. The primary culture of the sputum obtained April 2 was agglutinated 
slightly but equally by type III pneumococcus serum and antihemolytic strepto- 
coccus serum from horse 9 (table 1). The colonies on blood-agar from the 
dextrose-blood broth on all the days showed no change and resembled closely 
type III pneumococci, but they were not so elevated, and not so mucoid in 
character as pneumococcus mucosus. : 
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Case 7 (3341)—A man, aged 38, undertaker, was admitted to the isola- 
tion hospital April 6, 1919. His illness had begun two nights before with a 
severe chill, vomiting, fever, backache, aching in the knees, general aching, 
slight nose bleed, and sore throat. The patient coughed and expectorated 
mucopurulent sputum. He was definitely short of breath and cyanotic. An 
examination of the chest was negative except for a few scattered rales. 
April 7 there were decreaséd resonance, and decreased breath sounds below 
the angle of the left scapula; April 8 decreased resonance and breath sounds 
and a few crackling rales were noted at the right base behind. On April 9 
very definite signs of pneumonia were found on both sides. The sputum became 
bloody and serous. Cultures of the sputum and throat swab obtained April 7 
and April 9 showed countless numbers of green-producing streptococci and 
staphylococci. On April 12 cultures showed countless numbers of staphylococci, 
a moderate number of green-producing streptococci, and larger, more moist 
spreading colonies resembling type IJI pneumococci.. April 8, the primary 
cultures in dextrose-blood broth of the tonsil swab, and April 9, 11 and 13, of 
the sputum, were not agglutinated ‘specifically by the serum of horse 15. Fer- 
mentative reactions showed that the green-producing streptococci from the 
sputum fermented inulin. The cultures of the sputum obtained on April 9 
and 11 were agglutinated specifically by type II pneumococcus serum; those 
on April 13 by type II, and hemolytic streptococcus serum (table 1). The 
afternoons of April 9 and 10, 100 ce of serum from horse 15 were injected 
intravenously without effect. On April 11 and 14 injections of polyvalent anti- 
pneumococcus serums were given without effect. April 13 the urine showed 
a large amount of albumin and some red blood corpuscles. April 15 the patient 
was growing worse. He was bled 250 cc and was then given intravenously 
250 cc of blood of a convalescent influenza patient, likewise without effect. 
The leukocyte count ranged from 5,500 in the earlier part of the attack to 
19,200 in the latter (chart 3). The patient died April 18. The anatomic 
diagnosis was: “Bronchopneumonia, chronic cystitis with exacerbation, chronic 
parenchymatous nephritis, and old tuberculosis abscesses of the left lower lobe.” . 

Case 8 (3402).—Woman, entered the hospital April 11, 1919; she com- 
plained of severe aching, fever, sore throat, and cough; she was toxic, cya- 
nosed, and expectorated a small amount of mucopurulent sputum. The lung 
findings were negative. The heart showed mitral endocarditis with stenosis. 
April 14 and 15 crackling rales were elicited over both sides of the chest 
posteriorly, together with auricular fibrillation. April 16 the findings were 
definite for pneumonia of the left base. April 17 the expectorations became 
bloody, and profuse; the cyanosis and dyspnea increased. An injection of the 
serum of horse 15 had no apparent effect (chart 3), and the patient died 
April 18 with signs of acute hemorrhagic pulmonary edema. The sputum 
obtained April 17 showed countless numbers of hemolytic streptococci, staphylo- 
cocci, and a few green-producing streptococci, but no influenza bacilli. The 
primary cultures in dextrose-blood broth of a throat swab and washed sputum 
were not agglutinated by any of the serums (table 1). 


DISCUSSION 


Of the twelve patients treated, all but one were critically ill at the 
time of serum treatment. Five recovered and seven died. Three of 
the patients who died were practically moribund at the time of the 
serum treatment and good effects could scarcely be expected. The 
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two others that died showed green-producing streptococci immunologi- 
cally different from the strain with which the serum was prepared, 
and in two, hemolytic streptococci caused death. In these cases also 
improvement could not be expected. In all cases in which specific 
agglutination was obtained, marked improvement followed the injection 
of the serum, and in no case were good effects noted at a time when 
agglutination tests were negative. 

The influenza bacilli found in the sputum in two cases might be 
regarded as unimportant since both patients showed marked improve- 
ment following injections of the serum. The patients treated are of 
course. too few to permit sweeping conclusions, but since the results 
were controlled by immunologic studies it would seem that diplostrep- 
tococci, closely related to pneumococci on the one hand and hemolytic 
streptococci on the other, bear important etiologic relationship to influ- 
enza and to influenzal pneumonia, especially early in the attack. The 
injection of properly prepared hyperimmune serums may prove curative 
in cases due to organisms immunologically identical to those used in 
the preparation of the serum, quite as has been found in the case of 
type pneumococcus infections in lobar pneumonia. 

The changes which occurred in bacterial flora as measured by 
cultural and immunologic tests during the course of the disease, empha- 
size the complexity of the problem and the need for their consideration 
in the developement of specific methods of prevention and treatment 
of influenza and its complications. 
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